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The want of practical information on the subject 
of Common Koads has heen much felt b^ those, 
and they are many, whose interests or wants are 
in great tneasure affected by the facilities of 
internal communication. 

The importance of the subject needs not to be 
enforced or dwelt upon, and any information 
serving to simplify and elucidate the principles 
of this highly practical branch of knowledge 
must prove interesting in no small degree to the 
public at large. 

The object of the following pages is to instruct - 
those who may have to do with the making and 
xepaiting of roads and who, if they would serve 
their own interests or those of the public, must 
taj^ care to provide themselves with useful 
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information on their business, whict, to be n 
must be practical. Neither can a treatise i 
jnaking and repairing Boads be devoid 1 
interest for gentlemen of property and othea 
who have a direct interest in good public n 
and are called upon to adjudicate upon ' 
economical outlay of the public money. 

Though the subject matter has been a 
irith the view of adapting it as much as possilf| 
to the general reader, it was impossible to purs 
some important branches of our enquiry withoi 
availing ourselves of the facilities which the c 
-cuius always affords in sucb investigatioi! 
"whence it became necessary to depart in s 
degree from that simplicity so desirable in works 
of a popular nature. Still the matter of the 
following observations has on the main been 
kept quite clear of embarrassing calculations, 
which are confined to the last chapter; and even 
there we have endeavoured to present the 
general reader with the most important practical 
dedactions arising from those investigations in a 



'{orm free from difficult calculation and 
the technicalities of science. Muny of those 
deductioDS being now, and others differing 
■widely from previuualy received opinions, we 
have deemed it equally due to the reader and to 
ourselves, fully to state the investigations upon 
vHch our conclusions arc based. 

It were not to be expected that the Etmount 
MT quality of the information derivable from a 
Boaall work, such as the following should satisfy 
"professional readers for whom it is not properly 
designed though perchauce it may not he un- 
TtForthy of their notice. Bnt if we succeed in 
bringing home, to the minds of those whose in- 
terests are concerned, the importance of careful 
attention to the details of road making and road 
repairing, and in developing the principles of 
this important thougli unostcntatioiis department 
of practical knowledge, we reckon that we shall 
have done some service to the public, notwith- 
standing that wc have chosen to tread in one of 
4^ most homely walks of Engineering eciencs. 



the art of makiiigaiidrepamngof common roa&dl 

In the comparisons instituted between tlie 
legislati^-e provisions on the subject of Koads in 
respect to Great Britain and Ireland, and on the 
different systems practised in these and other 
countries, we have not ventured to offer any" 
opinion at hazard, but have proceeded on the 
sure ground of what has iallen under our own 
observation in these countries. 

In our professional engagements in England 
it happened to us to have more to do with Rail- 
ways than Common Eoads ; hut that circum- 
stance has not prevented us from acquiring a 
thorough knowledge of the systems and details 
of the management of common roads in that 
country. In Ireland our professional and official 
engagements have brought us into close connec- 
tion with the systems under which the common 
roads of that part of the kingdom are made and 
maintained; and with such opportunities we 
fcould not but observe the very great difference 
between the comparative cost of like works in 
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'•boA conntries presenting in onr mind matter 
■worthy tlie serious attention of thoee who are 
charged with the care and management of the 
" public interests. 

The experimeiits made on the employment of 
machinery for stone breaking, and noticed in 
detail in the Sixth Chapter, prove that ma- 
chinery may be applied to that purpose with 
more advantage because wHth greater economy 
than manual labor ; and these experiments may, 
it is hoped, induce others to bestow upon the 
sabject more attention thaii we have been able 
to devote to its consideration. 

The Ninth Chapter on Draught, we venture 
■ to hope, may supply some information on ques- 
tions interesting alilic to the general reader and 
the professional Engineer. A subject so exten- 
sive in its nature and bearings, into the con- 
sideration of which tliere enter so many eiements 
of calculation, the locomotive power, the road- 
way, its incUnations, and tlie vehicles employed 
for draught— such a eubject might and could 



well afford -ample matter for a separate treatisft^' 
If therefore we have not entered more at large 
into its coasideration some excuse may be found 
in the limits witbia which a work Buch as the 
present must necessarily be circumscribed. At 
the same time, it is believed, the investigations 
of this Chapter elucidate to a large extent many 
of the subjects connected with draught, which" 
heretofore had been either wholly overlooked or 
but imperfectly understood. The resistance to 
draught from irregulai-ities of the road surface, 
and the sinking of wheels through a soft surface, 
both very serious impedimenta, are carefully 
investigated, and the results clearly estabhah the 
importance of preserving hard and smooth sur- 
faues on common roads. 

The effect of inclined roadways, which is to 
increase the mechanical draught in ascent and to 
diminish it in descent, is also investigated, and 
formulaj given by which to determine the ma- 
terial of which the surface should be formed on 
ascending planes so as to make the draught up 



Rich ascents uo mote difficult than upon on 
wdinary flat road. In tlac laying down of New 
Soads, it has long been a desideratum to ascer- 
by some certain principles the circuit on a 
fiat road eq^uiTalent to travelling over an ascend- 
ing and descending surface, or to determine 
there n'ill be less labor in going round a 
in going over it. This subject has also 
lexamined with no small care, and it ishoped 
that the Tables attached will facilitate any enquiry 
of the sort which may arise in practice. 

In so far aa we know, these investigationa 
have the merit, whatever it be, of originality, for 
we are not aware that tliey have been ever given 
to the public in a fonn the same with or simihir 
to that in which they are now respectiully pre- 
Eented. Should oiir enquiriea have the effect of 
introducing, as we humbly presiune to think they 
may, if attended to, more uniformity with greater 
accuracy in tlie design and construction of our 
roads, the object which we proposed to ourselves 
in presenting these pages to the public will have 
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been fully attained ; and we will count our hui 
ble labour abundantly repaid if we shall ha'- 
contributed something, how little soever th 
may be, towards the adyancement of one of tl 
most useful branches of practical knowledge. 




CHAPTEE 1.— HI 

Benrfb nriiing from good Roads.— Good Koads facilitale 
(ODuucrce sad contribute pcmetfully to Ihc progress of 
improvement. — The Ancient Rommia particularly indus- 
IriDuiio the construction of Roads.— The construction of 
Hindi an object of state policy wilii llie Romnos. — Julius 
Craar filled the silna'.ion of Caralor of the public ways. — 
^ Appian Way the most celebrated of the Itoman 
niwJi.— Tlie Aiin-Iian Road connecting Rome with Gaul.— 
Grait improvement of the part over llie Simplon by 
HB|ra1coo Buonaparte. — The Carlhttgininna the first who 
pnved Roads— Tlie Grecli! neglected Roads- The French 
Roods formerly made on the plan of the Ancient Ro>nsn 
Raads but latterly made with small broken stones— The 
German, Russian and Prussian Roads resemble those of 
Prance— In Holland and Belgium the Roads made with 
Bricks — The Swedish Roads very good — 'I'ho American 
common roads superseded by Railways — Antiquity of 
English and Irish Ruads — Burdens formerly conveyed in 
Panniers on Horses backs— Twenty times heavier loads 
I [Bay now be drawn by horses (.Page 1 ■"), 

I CHAPTEE n.— SVSTEMS OF MAKIS-G & BEPAIBINO B0*n9. 

^ Boad systems very different throughout Europe and even in 
Great Britain and Ireland— Principal English Roacii. 
mmntaiiied by Turnpike Trusts— New Plan for maintain- 
inS Welsh and English Roads— Tlie Cross Roads in France 
and Ireland better than those in Englani! — Principal 
' Roods ia Ireland maintained by a land tax under Grand 
I Jury Fresentinentt— A comparatively small extent under 
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COSTEllTS. 

Bowd of Works and Turn-pike Tresis — length b 
Roads in each County iti Ireland — Dffecls of the Ii 
Grand. Jury Act — Its economical opemtioii in the Cou 
Cork — Great economy in makiag and repairing Roail 
Ireland compared with England (Page 21.). 



Superiority of liroken-slone Roads compnred w'ltli PavQ 
merits — Cul-stone Pavements — Wood Paving successful] 
tried in New York, St. Petersbursli nnd London— Advan 
tages and Cost of Wood Pave men la —Their supeiic 
diirabilily— Wooden Roads of Canada— Breadth of Whee: 
best suited for pavements — Railways might be laid do«| 
on Common Roads— Divetsily of opinion on Brokq 
alone Roads— Telford's and M'Adam's systems— Beat sa 
of Broken stones for Koails — Nen'ly made Roads :eqni^ 
particular care — Hills should be avoided in laying don 
New Ronds— General directions for Making andRepaiii 
Roads- TabtesshewIngRatesof Inclination correspondi 
with Angles of Elevnlion and Depression (Page C3,). 

CHAPTER TV.- HOAD oaMSAGB. 

Subsoil Draining and Snrfare Draining — Effectual Draini 
of the first importmcc— Open and Covered Draini 
Broken-stone Drains recommended for durability d 
economy — Velocity of water in Drains which disturb di 
ferent substances- Mitre Drains — Fall in bottom i 
Draam- Bog Drains — Surface Drainage assisted by giving 
roads a convex figure ^Longitudinal inclinations recom- 
mended^Drninage best eiFected by the action of the Sun 
and Wind— Washing Rooda- Drain Holes— Water-table* 

. to be paved on sleeps (Page 117.) 
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CHAPTER V.-B 
I9 formed by a tomhinatiiin of Iron nnd Wood — 
Common Roads made with stone — Siliceous stones — 
Craalle an riL-ellcnt Rand material— Sand Slone an in- 
different material— Argillaceous Stonca — Clay Slate unfit 
for Roods — Calcareous Stones — Limestone — Granular 
Limestone a good Road material— Limestone in general 
B bad material — Stone of a porous nature absorbs wat?i 
and is unfit for Roads— Tatde of different qualities of 
stones and their hardness (Page 139.). 

CHAPTER VI— EXPENSE or maiktmning ro*db. 
The Amount of Intercourse the most important circum. 
atanee aOteting the cost of maitilailiin; Roads — Aeeurate 
returns of inlercourae not generally to be had except in 
localities of projected Railroads — Intercourse between 
Corlt and Passage — Cost of maintaining Road between 
Cork and Passage — Intercourse on the Rudstrand Road In 
tbe west of Cork County and cost of maintenance — 
Wear of stone on the Commercial Road — Etastieity of 
Stone and Roadway diminishes wear — Quarrying Stone — 
Blasting stones witli powder- Economical plan for Blast- 
ing recommended by General Sir John Burgoyne — Safely 
fiiee recommended- Chamber holes should not be sank 
along (he "Line of Least iIe*w(on«"^Weig!it of Charges 
for Blasting — Experiments ou tlie application of Steam- 
power to the Breaking of stones — Relative Enpense of 
Breaking Stone by Machiiiery and ^Manual Labour — 
Weight of Cubic Measures of difereut sized broken 
stones- Depuls for Stone— Effects of Narrow tiered 
wheels— Coned wheels (Page 117.). 



ways — Coveiing far Footwu^s of Gravel, FaTcment, FIoj 
Jjphall (Page 195.). 

CHAPTER Vnl— INSTRUMENTS. TOOLS, ETC. 

TbeodoUCes, Spirit Levels, Sextants, Plummet Levels, Cul 
Meajurei, Rings, Screens, Spades, Knives, Ha,iaaiei 
Anvils, Rates, Shovels, Barrows, Picks, Rollers, Scrapii 
Machines, Quarry Tools (Page 204.). 

CHAPTER. IX.— Da^uouT tpon romis. 
Vehicles used for conveying heavy Loads, the two wheeled 
Cac aod four wheeled Waggon^ — Relative advantages q 
these machines— Friction o! the Ailes and Boxes o 
Wheels- Resistance to Rolling from irregularities of sur 
face — Vari;s directly as the square of the vetoeily aw 
inversely as the Square Root of tlie Cube of the Sizea 
the Wheels — Resistance to Boiling from the sinkage p£ 
wheels through a soft surface — Varies inversf' 
Cube Boot of the Square of the size of the wheel! 
Draught on a soft even surface not increased by velocity-^ 
Draught at slow speeds on roads made on elastic grounlt 
ineh as Bog not greater than on inelastic substrata- 
Draught at slow ^eedi not diminished hy the use i 
spring vehicle 1 — M. Moran's experiments — Reaistanoft 
from Inclined Roadways — Equalization of Draught upwii 
AccliYities— Power which effects Locomotion— Steam 
Power — Horse Power — Relative labour in going round ■ 
Hill and going over it — Determinalion of level distance* 
equivalent to ascending and descending plane 
Hone Power (Page 219.). 

CHAPTER X.— mwH and scotch roab act 
Irish Grand Jury Act — Act regulating the High-ways of 
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The benefits arising Jrom good Roads are 
rtnldaglj- apparent in all civilized States. 
I^Nt a •country is intersected by good roads, 
uPfoVeBients of every sort mil be carried for- 
wwd with amazing rapidity. By diminishing 
the difficulties and expense of carriage, lines of 
road pnt the remote parts of the country more 
nearly upon a level with those in the neighbour- 
hood of the town, and so they must con- 
tribute in a high degree to the advantage of 
town and country. They encourage the culti- 
Tation of the remote, which must always be the 
most extensive ciicle of the country. They are 
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advantageous to the town, by breaking down' 
monopoly of the country in its neighbourhoi 
They are advantageous even to those parts of 
the country in the iramediate vicinity of towns, 
because, whilst they introduce some rival com- 
modities into the old mai-ket, they also open 
many new markets to the produce of those parts 
which before had the benefit of only onemai'ket. 
Some of these benefits have been agreeably 
set forth in Dr. Anderson's Rural liecreaitotis. 
Alluding to the advantages of good roads, he 
says, " Ai^ound every Market Place you may 
suppose a number of concentric circles di'awn, 
within each of which certain articles become 
marketable which were not so before, and thus 
become the sourceB of wealth and prosperity to 
many individuals. Diminish the expense of car- 
riage but one farthing, and you widen the cirde ; 
you form, as it were, a new creation, not only of 
stones and earth and trees and plants, but of men 
also ; and what is more, of industiy and happi- 
ness." The Ahhe Renel remarks, " Let ws 
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travel over all the countries of the earth, and, 
wherever we shall find no facilities of trading 
from a City to a Town, and fi'om a Tillage to a 
hamlet, we may pronounce llie people to be 
barbarous ; and we shall only be deceived res- 
pecting the degi-ee of barbarism." 

It is little more than a century since some of 
the Counties in the neighbourhood of London 
petitioned Parharacnt against the extension of 
roads into the remote Counties. 

Those distant places, they pretended, from the 
cheapness of labour would be able to sell all 
agricultural produce cheaper in the London 
markets than themselves, and would thereby 
reduce their rents and ruin their cultivation. 
Their rents, however, have risen and their cul- 
tivation improved, since that time. 

The formation of good roads gives the great- 
est fiicility to commerce and contributes more 
powerfiiUy, perhaps, than anything else to the 
progress of improvement. They have been 
denomiuutcd national veins and arteries, and the 
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Near Rome, the upper coat or pavement t 
of granite. In other situationB hard lava WM ' 
used) and jointed so closely that Palladio thought 
moulds must have been made for each stone. 

The construction of roads v/as an object of 
state policy with the Eomans, and the Curator 
Viarum, or Superintendent of the Ways, was an 
officer of great dignity amongst them. 

Julius Cssar was the first person of high rank 
among them who accepted the situation of 
Curator of the public ways, which was after- 
wards rarely conferred upon any but men of 
consular dignity. Themus, a noble Roman, 
according to Cicero served this office, became 
Curator of the Flaminian Way, and was a col- 
Icf^ue of Ctesar's. i'hny says in a letter to 
Pontius that the news of Cornutus Tertidlus 
having accepted the surveyorship of the /F.mili an 
Way affected him with great joy ; and Statius 
also, in his Sylva:, mentions among his eulo- 
giums on Victorius MarceUus, who was of the 
praetorian order, that he had been selected by 



HISTOBV OF ROAM. 7 

flte Emperor Domidan to be surveyor of the 
tiaiatina. 

" Quique tuos alio subteiit munere fuca ; 

£t ipatia antiqux nuuidat renovate Lntinv." 

He also mentions, as a mark of singular dig- 
nity, that Plotius Grippus, whom he calls 
taajoris ffradus j'ttreftem, had been entrusted by 
the same Emperor with two of the most honor- 
able offices of the empire ; one of them being 
the care of the public wnys, prcefectum annonee 
et cttratorem marutn. — Lib, iv. Sylvarum, 

The Appian Way -was the most celebrated of 
the Koman roads, both on account of its length 
and the difficulties which it was necessary to 
OTercome in its construction, and was hence 
called the " Queen of the Roman ways." It 
was made, as Livy informs us, by the Censor 
Appius Cfficus, about 311 years before Christ, 
and, in the first instance, was laid down only as 
far as Capua, a distance of about 125 miles ; but 
even this portion of the work, according to the 
account of Diodorus Siculus, vas executed in so 
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expensive a manner, that it Gxhausted the puhj 
treasures. From Capua it was subsequenl 
carried on to Beneventum, and finally to Bn 
dusium, (a distance of about 850 miles,) wIm 
this port became the great place of resort £ 
those who were desirous of crossing over a^ 
Greece and Asia Minor, This latter part of ^ 
Appian Way is supposed to have been coj 
structed by the Consul Appius Claudius Pulc-hi 
grandson of Ctecus, 62 years later, and to have 
been completed by another Consul of the same 
family 36 years afterwards. "We find frequent 
mention made of repairs done on this road by 
the E.oman Emperors, and more particidarly by 
Trajan, both in the histories of the time and also 
in ancient inscriptions. This road seems to have 
been still in excellent order in the. time of Pro- 
copius, who wrote in the sixth century and 
gives a very good account of the manner in which 
it was constructed, lie says an expeditions 
traveller might very well perform the joiirney 
from Borne to CJIapiw in^five days, _ 
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Its breadth is such as to admit of two carnages 
paisiiig each other. Above all others, this way- 
is worthy of notice ; for the stones which are 
employed on it are of an extremely hard nature, 
KM^'Were doubtless conveyed by Appius from 
^^^■jl distant quarry, as the adjoining country 
Vhisbed none of that kind. These, when they 
lisd been cut smooth and squared, he fitted 
together dosely, without using iron or other 
substance, and they adhered so firmly to each 
o&ET that they appear to have been thus formed 
by nature and not cemented by art. And though 
(hey have been travelled over by so many beasts 
of burden and carriages for ages, yet they do not 
seem to have been any^vise moved from theirplace 
or broken or to have lost any part of their original 
smoothness. According to Euataco, the modem 
tourist, such parts of the Appian AVay as have 
escaped destruction, as at Fondi and Mola, shew 
few traces of wear and decay after a duration of 
SOOO years. The same writer states the average 
bgwidthofthe Appian Way at from 18 to!Sie&et 
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ITie Aurelian road, whicli connected '. 
with Gaul, has occupied attention in modi 
times. Amidst the devastations that attenf 
Bounaparte's march through the countries ■(( 
both sides of the Alps, some of his measui 
ultimately tended to facilitate the interconj 
between Italy and the rest of Europe. By iii!^ 
improvement of this ancient Roman road in 
1801 — 5, the passage across that mountain range 
by the Simplon has been changed from an almost 
impassable mountain track to a safe and splendid 
carriage way inclining about two degrees, or 
nearly one in thirty from a level. Almost unpar- 
alleled difficulties were encountered in the 
construction of this great work. Galleries and 
Tunnels of great magnitude were carried along 
the sides of frightful precipices and driven 
through immense mountains, which, as engi- 
neering works, will remain as lasting memorials 
of Napoleon's greatness and ingenuity. 

It has been already observed, that the most 
considerable of the Eomau Eoads were paved 
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with accorately jointed stones ; but gravel roads 
made ■with umall stones were by no means unu- 
sual, and their permanency was secured by a 
iodicLous and careful distribution of excellent 

at- 

^^Hpft comfort and ease of ti-avellerB appear to 
tnve been well provided for along the Soman 
Hoads in Italy. Porticos were distributed along 
the sides at convenient intervals to afford shelter ; 
and temples, icdicula, triumphal arches, villas, 
groves, gardens, &c., were thrown together in 
the most picturesque manner. 

The great military Eoada of the Komans 
were from Thirty-six to Forty feet wide, 
of which the sixteen feet middle were paved — 
at each side there was a raised path two feet 
T»ide, which again separated two sideways 
each eight feet wide. The breadth of the 
Roman roads, as prescribed by the laws of 
the twelve tables, was but eight feet ; and 
the width of the wheel tracks which are 
traceable even at this day are not above three 
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feet* The extreme parts of the empire ^ 
connected with the Capital by Twenty-n 
great military roads, equal to nearly 48,5( 
English miles. 

The Carthaginians, according to Isidore, we 
the first who paved their public ways ; but roadf 
appear to have been constructed at a very remote 
period by the Persians. 

The Greets do not appear to have paid mud 
attention to roads. Herodotus simply says, 
among the Lacediemonians the management Q| 
their ways was whoUy invested in their kingw 
Strabo says, that the Greeks neglected three 
objects to which the Homans paid especialf 
attention — the cloacte or common sewers, thft^ 
aqueducts, and the public ways. The GreekB^ 
made the upper part of their roads with pave« 
ments of lai'ge square blocks of stone, whUst the 
Romans mostly used irregular polygons. The 
ancient road from lolis to Cacthtea, according to 



*ne Soman foot measures, 967 of ours, c 
ll,3*5t]iiDdies. 
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Toomeibrt the finest thing of the kind wHch 
csn perhaps be found in all Greece, still exists. 
He traced it for three miles, flanking the sides 
of tlie hills and standing by a strong wall, the 
copiiig of which consisted of immense blocks of 
a greyish stone. 

The roads of France, like the ancient Roman 
Ways, appear to liave been laid down more with 
the object of making short and direct lines of 
comnninication than lines of easy or favourable 
dnught. They are generally from thirty to 
silty feet wide, the middle sixteen feet being 
paved; but once a vehicle leaves the pavement 
it becomes a matter of much difficulty to extri- 
cate it fiom the soft and muddy surface of the 
lides. For this inconvenient plan and defective 
mode of repair, the better plan of the broken 
stone surface is now generally substituted in 
France as well as in these countries — indeed the 
practice of repairing roads with small broken 
stones appears to have been used in France 
under the direction of M. Turgoz in the last 
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centuiy before its general adoption in ffi( 
coimtneH. Under tlie altered practice, or ratli 
the return to the mode which formerly ohtaiiM 
the great post roads of Prance, the roads whi 
jndie the communications between the princij 
towns of the kingdom, are rapidly iraprovii 
and in some provinces will not be found infeiii 
to some of the best kept roads iu these countrl 
But the cross roads, which form by much H 
greater part of the roads of the country, ar 
much neglected, and are in many places qu 
impassable for heavy carriages. In some plaOi 
they are so bad that riding is unsafe with a 
but the horses or mules accustomed to the 
rugged and rutty sui-faces. Much of the e 
complained of is to be attributed to the state 
the road laws of Trance, which, by placing ti 
repair of roads under the immediate and eXcIil 
sive direction of the executive power, relieve the 
residents of the provinces &om that care and 
supervision which they could so well and sd 
advantageously exercise. 



HI9T0BY OF ItOADS, 15 

A Miniater, high in office, may take pleasure 
in executing a work of splendour and magnifi- 
cence, sucli as a great highway, but to execute 
a great number of comparatively small works, 
which excite but little or no admiration, in the 
traveller, and in short have nothiug to recom- 
nend them but their utility, is a business, which 
however important to the interests of society, 
appears unworthy the attention of one placed in 
aa office of high authority. Under such regula- 
tions therefore these works ai*e almost always 
neglected. 

The roads of Germany and Prussia resemble 
flioae of France, but in Holland and the Iot 
countries, Belgium, &c., the surface is almost 
cxdusively composed of thin bricks like tiles, 
which nnder light work make a very pleasant 
carriage-way. Sweden is weU supplied with 
excellent roads, for which it has long been 
iamons ; and in Russia the very few roads made 
are said to be well executed. 
. Mr. Coxe mentions, that " The high roads of 
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Sweden wind agreeably through the country, i 
made with stone or gravel, and are as good as a 
turnpikes in England ; and yet not a siq 
toll is exacted from the traveller. Sach 1 
lord is obliged to keep iu repair a certain J 
of the road, in proportion to his property ; aad i 
for the pui'poBe of ascertaining their respectiTe 
portions, small pieces of wood or stone marked 
with numbers and capital letters, are placed at 
different distances on each side of the way. 
Such indeed are theii- goodness throughout the 
whole country, that several thousand miles may 
be travelled over, without meeting fifty deserving 
the appellation of indifferent. They are also as 
pleasant as they are good, and in many places 
look like gravel walks carried through gentle- 
men's grounds and plantations, as they wind 
through the fields and extensive forests, the 
lofty trees casting a gloomy shade with their 
overhanging foliage," 

In America, the common roads are almost 
entirely superseded by Kailroads, with which 



.HI9T0BV OF R0.U)8. 17 

that immenfie country is now intersected in 
limost every direction. 

It ia difficult to ascert^ tlic precise period 
rlien the loads of the United Kingdom firat 
became available for -wheel carriages. It does 
not appear that they were used for such 
purposes in England previous to the Eomaa 
invasion; and there is no likelihood of their 
Javing been so employed in Scotland or '\Valea 
before that period. 

In Ireland, it is not unlikely that they may 
hare existed at a yet earlier date. If we exa- 
mine the Kound Towers for which it is singularly 
remarkably, we £nd, in many instances the 
rtone of which they are bnilt to have been pro- 
.cnied &om distant places ; and there is nothing 
snreasonable in the supposition, that good roads 
and wheel carri^es assisted in procuring mate- 
rials for these ancient buildings, the period of 
whose history was enveloped in remote obscurity 
.even in the days of Giraldus Cambrensls in the 
century. . We may obscrvathat a people 
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who have executed such works, must hare 
a system of roads adapted to their purposes, 
less perfect than those of later times. We are not 
to judge from the scantiness of historical records 
that might serve to throw light on the subject ; 
for our knowledge of even comparatively latfi 
periods, is but very imperfect, owing to a 
variety of vicissitudes. In England or Wales 
there are no buQdings of equal antiquity with 
the Bound Towers of Ireland ; there are there- 
fore no such data to assist in dctemiining the 
antiquity of roads in those parts of the kingdom. 
No doubt there existed some few traces of toads 
in Britain before its invasion by the Romans, but 
then the surface was composed exclusively of 
earth, scarcely deserving the character of a road, 
and obviously was not used for wheel carriages, 
The Romans, in laying down their military roads 
adopted some of the old ti-ackwaya. Of these 
the principal were the Foss Way teaching from 
Totness in Devonshire through Cirencester and 
Ijncoln to North Britain, and Ikenild SSre^ 
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from Southampton through York to 
Newcastle upon-Tyne. At the present time 
scarce any traces of these vorks can be found. 
Near Chester some remains of compact pave- 
ments are occasionally found, with several feet 
of soil upon them, and from the fact of that town 
having been a great Roman depdt there b scarce 
any doubt of these remains being a portion of one 
(f&eir roads. Similar traces have been found 
between Musselburgh and Abercom in Scotland, 
For many centuries after the invasion of 
Britain by the Romans, articles of trade were 
transported from one place to another upon the 
backs of horses, commonly called Pack-Horses. 
Even so late as the middle of the last century, 
almost the whole of the land cai-riage of Great 
Britain and Ireland, was on the hacks of horses, 
and we find, at the present day in most of the 
mountainous districts, the principal traffic carried 
on by the same mode of carriage. By degrees 
however when civilization advanced and com- 
aucce became more extended, the creation of 




, agficultiural wealth in the interior districts J 
the country would enforce the adoption of si 
mode of communication euitable to an advai 
state of improvement; and the use of w 
carriages and hard and smooth roads where 
weight that could be conveyed by a horse would 
be considerably greater than what he could 
either drag upon a sledge or carry on his back 
would proportionally extend the facility of 
internal traffic. 

It were needless to dwell upon the many 
benefits which good roads, with the general use 
of wheel carriages must confer upon any country. 

Before the establishment of roads suited to 
such vehicles, the ordinai-y burdens of the 
country were conveyed in panniers on horses 
backs ; manure was brought in the same way to 
each farm : and the produce of the land was 
conveyed in like manner to the markets and sea- 
ports. The eifect of such a state of things must 
.of necessity have restricted the operations of the 
.cultivator to a very sinall sphere as the co^LdT 
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transit, vixen so expensire and slow, vould not 
allow him to bring new lands under culdvation 
nor to carry the produce of the old lo a pro&t^le 
market. Now however by the aid of good roads, 
fhe panniers have been superseded by wheel- 
eairiages the effective perfoiinance of the horse ia 
mcieased twenty-fold, the sphere of occupadoa 
is enlarged, and districts arc brought under pro- 
fitable cultivation which before lay waste and 
PR^deBs. The fanner may now feel satisfied of 
beii^ able to convey the produce of his land to 
Market, and may place twenty times a heavier 
load upon his horse without doing him any injury. 
In whatever country a well arranged Byatem 
of communication has been established, it has 
invariably been found to be productive of the 
greatest advantages commercial and agricultural : 
almost every branch of industry may be traced 
to this as to its source ; and it were needless to 
add that some of the most obvious natural 
advantages would be wholly valueless witliout 
roads as a means of intercommunicatioa. 



SYSTEMS OF 

MAKING AND REPAIRING ROADS, 1 



Chapter II, 



I thei 



The systems under -wrhicli the construction and 
repaira of public roads ace conducted differ very 
much in the kingdoms of Europe and even in 
Great Britain and Ireland, In England the 
principal roads are maintained by turn-pike 
trusts out of tolls levied upon travellers, and the 
reptdra are executed under the controul of the 
Boards of Trustees and their Officers. Besides 
these Boards of Trustees, every Parish is obliged 
to maintain the cross roads out of funds and 
labour commonly known as statute labour, ta 
which also the turn-pike trusts lay claim when 
their other funds are insufficient. This labour 
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eacb occapier of land is obliged ta ea 
isd hi its enforcement pravisiaa ia i 
niioos acts of parliament. Modi of the * 
aatemeat in certain districts of Wales is a 
but^ble to the enforcemeBt of tUi I 
without attempttng to pdliitfe dw « 
^ Welsh population, it nay be p 
in Eomc degree tmnMaoaUe d 
fliers of the land should be coMf 
nntribute to the repairs of roads hf hfa 
Uies and afterwards obliged to f«f i 
"WBg diese same roads opon ibe matt o 



I^m the returns made to Fi 
lSa»— 40 it appears that in Ea^mi 
^l^S tnilee of road repaired ■■ 
Trusts, the tolls £rom which 
£1,776,586 annoally; vfibt Ae 
exceeding the gross receipta if £iJfV$ i 
to £1,780,349. Thelengdiof 
averages 16^ miles, upon eadi of which * nf^M 
oiEccTs is mamtainfd, wcfa m Ottli*^ 
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Treasiii'ers, Surveyora &c. The salary paidj 
each Surveyor is about two guineas per mile 
annum, and owing to the combination of many 
trusts under one Surveyor, each of their salaries 
usually amounts to £800 per annum. The 
Clerks frequently get £300 per annum, but the 
office of Treasurer is usually filled by some 
member of the Trust without salary. 

The extent of Parish Roads appears to be 
104,773 miles, costing annually for highway 
rates exclusively £1,1GS^07 16s. ; and the num- 
ber of Surveyors and Deputy-Surveyors or 
Way-Wardens is 20,000 being upon an average 
one Way-Warden or Supervisor for 5\ miles 
of road, besides a proportionate number of 
other officers such as Secretaries Clerks, Atm 
countants. &c. ^ 

Of the sum expended by Tum-pike Trustees 
£129,124 was paid for management ; and per- 
manent improvements cost £197,658, leaving 
a sum of £1,453,567 for the expense of repairs 
alone, or something over £66 per mile per 
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anniuti. In addition to tliis immenGe levy, the 
Trusts hsve incurred debts to tlie enormous 
amount of £8,577,132 8s. 7d. The cvUa of tlie 
English system of road management under 
Trustees, now grown so formidable, have long 
been felt ; and although the subject has occupied 
the attention of several committees of both 
Houses of Parliament, the evil still renuuns 
unabated and their labours have in effect done 
nothing towards its removal beyond a recom- 
mendation to consolidate the numerous Trusts 
and place them under the management of a 
Central Board. 

It may not be uninteresting to give a brief 
sketch of the new plan for maintaining the 
Welsh and English Turn-pike Eoads, submitted 
to the Lords' Committee, and printed in their 
Keport to Parliament in the year 1833. 

Fnpoied ii«b arratigemenl of t}ie Bngliih and Welah Tlini- 
piie Soadt. 

"Novacancf of Traiteei to be filled up after the passing 
of this Act. 

All Tnutees of Roads at preient IcgaTj admitted slid] be 
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Tnutees on all Romla ivitllin Ihe Coun^ or Countiei in 
wbicb the; are at present itcting. togetber nilb the High 
Sheriff of the County, the Chief Mttgiitrate of every Borough 
within the County, tlie acting Justices of the Peace of lh« 
Count;, and ell and every person having in his own right, or 
in the right of his Wife in Fee or in Life-rent, Freehold or 
Copyhold, Land nithin the County of the Annual Value of 
£300, exclusive of Ihevaluc of Houses or Buildings of any 
kind and above Reprisals. 

No Alleratioo, Deviation or Improvement of any part of 
the Roods in England nnd Wales, exceeding the ordinary 
repairs shall be made, unless referred to, aod approved bf 
the General Board hereinafter to be oamed. 

A Board to be appointed by His Majesty for tlie purpose 
of Inspecting the Accounts of Trustees of Tum-pilie Roods, 
for appointing General and Deputy Geiicral Surveyors, and 
for eiamiaing, and controlling the affairs of Roads under 
certiun regulations and restrictions, consiating of 

The Post Master General, President ' 

Six unpaid Commissioners Unpaid. 

Three paid Commissioners nt^lOOOayear each £3000 
One Comptroller, he being a practical man . . 1 ,000 

One Professional Advitcr, 300 

OneSecreiary 500 

OneCIerlt, 200 

Incidental EipenKS 1,500 

Carried FoTuard, £6,iOQ 
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BroagU FartBord, Z6,500 

The Kiiii|;dom to be divided into Two Parta 

under the directiim of Officers, whose salaries 
are to cover uU their perBoiiol aud travelling 
eipcDscs as followi ; 

Fbit Fart to consist of One General Sur. 
»eyonhip,coiitainingThree Districts, rompria- 
ing Eight Deputy General Survcyorshipi, viz. 

Berks, 16 Trarti 2B(t MUes. 

Hants, 34 675 — 

Wilts, 31 549 — 

Agnrfy Gm, AmxyonA^, 1,501 Wk»—Saiarf 1,000 

Somenet,. . . .22 Tnuti SSO Milei. 



^ty Oea.Sttneyorahip, i,2'i9WMi~Salary BOO 

Devon 27 Trusts 866 Miles, 

Comwal],..,.13 348 — 

Dgnify G«.Sur™yori%, 1,214 Miles— Saiory BOO 

The above Seven Counties, embracing 159 
Trusts, and contoiaing 3,057 Miles, to form 
the Firtt DUMel. 

Carried Forward, £3,100 
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SnmgAl FoneanI, £3,11)0 

Norfolk 14 Trusts 28S Miles. 

Suffolk, 14 299 — 

Cambridge, ..12 204 — 

Ebki, 12 2G6 — 

Depulg G<n. SunegorsAip, I,0:i7 Miles— Safiry BOO 

Kent 47 Trusts 668 Miles. 

Surrey 21 296 — 

Sussex 49.. ....636 — 

Depalg Gen. SunegorKh^, 1,600 Milca— Satary BOO 
Hertford, .... 9 Trusts IfiO Miles. 

Bedford 12 189 — 

Hontingdon, 4 61 — 

Norihampton. 33 365 — 

Oiford, 22 287 — 

Bucks U 179 — 

Dgmly Gen. Survivorship, 1,231 Miles— Snlory BOO 

The above Tliirtecn Counties embracing 
353 Trusts, and contlining 3,SSS Mites, to 
form the Second Dislricl. 

Gloucester. . . 45 Trusts 836 Miles. 

Worcester, . . 32 472 — 

Warwick 33 450 — 

Dqwty Gat, Suneyorih^, 1,75S Miles— .'vtlon/ 1,000 

Carried Forward, £12,500 



< 



Kulhnd 3Truit. 48 MUn. 


. £12,500 


Ldcerter,....29 294 — 




Sttflbrd, ....56 820 — 




Salop, 47 646 — 





DqM^ Geo. 3unxyor>hg}, l,HaG Miles— .Sabry 1,000 ' 

Hie above Seven Counties embracing 238 
Tnuti, and contuning 3,564 Milea, to (aaa 
the TTUrd Dulriel. 

Ou General Sureej/or for tlie I^st Part, with 

a Seat at the Board when ia Town 2,500 < 

Secofid part to consist of One General Sur- 
veyoisliip.containinga Districts, comprising 
iDepotf General Survey orsliips. 

Notts, 20 Tnuts 265 Miles. 

Derfjy 40 609 — 

Chester, ....S3 449 — 

Lancaster.... 53 547 — 

Dipttfyaai.Sarvegiirghip, 1,870 MilcsSahr^ 1, 000 
The above Four Coundes containing 145 
j Tiosts and 1,870 Miles to be thei^urM DUtrici, 

Yorkshire, 103 Trusts 1,481 Miles. 
I Lincoln, ..26 455 — 

\ Bi^ulg Om, SmvaynnMp, 1,936 Miles— Safatyl.OOO 

^^^^ {krriei Farviard, £1B,000 
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BrOJighl Foneard, £18,000 

Duiliam IG TTuats441 Miles. 

Westmorland, 11 272 — 

CumberlHnd, 13 275 — 



North- Ijj 



umberlaud. 



i 



Dgmtj/ Gen. Sarreyarthip, 1,401 Miles — Salary 800 
The above Six Counties to be the F^h DUIrUl, 



Wales 86 Trusts 2,001 Miles. 

Monmouth, 10,.,... 260 — 
Hereford,.. 15 413 — 



A 



Deputy Gen. SttneyoTthip, 2 fiHyiileti—Sdaryy.Wif) 



The above Tnro Counties of England and 
the Twelve in Wales to be the Sixth Dialriat. 



One Getiarai Sarofj/or for the Second Part, with 
a Seat at the Board when in Town,. 2,500 



i 



£22,300 



Four pence in the Pound oo the Road la- 
come of Englacd and Wales irill produce 25,000 
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Board, 


n 


General Siureyors 


9 




IZ 




500 


' ClBrlu. 


250 








B15 




.. 3,637 




... a,8i2 


Cort ot Board'. Estebliriiment 


. 33,300 


250 aerks, say M £200 each, 


. SO.OOO 


PriDting, Stationary, CliBrgeg, Ac, on lOOO 


Tnut^ average per annum £23 each, . . 


. 25,000 


£97,000 


Hnking a Saving pet annum of 

As Boon as the whole Kingdom can 


. 196,000 


. 99,000 


be arranged, and 




to every Forty Miles of Road, 500 person 


(each keepings M 


horae) at £100 per annum each (equal to 460,000 a year) ■ 


Win be required ; tot that is not deducted from the Saving ' 


^_ ^ 


^^^ 
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of £9!),000, bccELuse on eveiy Trust that lias been properly 
(emulated, even for a short time, the Surveyors have been 
pud out of the Funds, yhstever the omaunt might be, 
nUowed for ordinary repair and wear ; therefore no additional 
expense under proper control and regulations. Their wages 
are the best spent money on a Trust, und mill, under such 
cireumstanceg, prove the surest source of economy. 

The Board In London to have power to require the Tnisteei 
to dismiss any Officer of their Trust of whose conduct or 
abilities the Board may have reason to disapprove. 

The Board to Report annually to Parliament." 

The imperfect systems heretofore obtaming 
in the management of common roads has at 
different periods engaged tlie attention of the 
Government with the view of devising some 
improvement in that branch of our national 
policy. It is now a question for serious consid- 
eration whether our road system should not 
receive every possible improvement as by doing 
so tiiere can be little doubt we should give a 
powerful impulse to the developement of the 
almost untouched agricultural wealth of the 
kingdom. 

The system of following the ancient line of 
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road, Mr. Edgworth obaerves, has been so 
pertinaceously adhered to, that roads have been 
sunk many feet, and in some parts maiiy yards 
below the surface of the adjacent ground ; ao 
that the etag, the hounds and horsemen have 
been known to leap over a loaded waggon in a 
hollow way without any obstruction from the 
Tehicle. 

It is worth observing, that when land was 
comparatively of small value, it was more diffi- 
cult to obtain ground for a new road than it is 
at present when a square yard of land uosts 
more than would have purchased a perch of land 
in former days. The fact ia, general knowledge 
has been so diffused of late that the prejur 
dices of farmers and landholders have yielded 
to calculation; they perceive that good roads 
are profitable as well as agreeable, and that 
whatever facilitates communication increases 
the demand and secures a ready price for all 
commodities. Why many roads still continue 
iritliout alteration or repair, is a question that 
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cannot be easily answered. In hilly counti 
one reason may be assigned for this neglect ; 
ceitain number of horses are absolutely necessi 
to raise a given load up the hillsj and the sa 
number of horses are sufficient to drag it throD 
the worst roada in the intervening level grouj 
Any spot of marshy or rugged road that requi 
a strong team to drag the caiTiage over it, ■s 
have the same effect as a stcop hill, in makinj 
indifferent to the waggoner what the rest of ' 
road might be, as he must have a certain num1 
of horses to get over some particular obstruct] 
in his way. It is not pretended that these : 
the only causes which prevent the amendmi 
of our worst roads ; the system of parish repa 
of highways in England, is in itself sufficii 
prevent improvement. 

In aU countries, similar systems have bt 
found unpopular. Oneoftheheaviestcomplai 
of farmers in France at the revolution, aroseA 
the oppression of the Corce6s, and the iM 
disturbance in Wales may be traced to ■ 
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wliat like cause, yet notliing appears more 
equitable tlian that a district should keep its 
own Toade iu repair. 

In fact nothing but a general system for all the 
loads of the kingdom can be effectual; it is in 
Tain that one parish repair its roads, if its neigh- 
bours will not do the same ; for the neglect of 
any one part renders the whole impassable 
without a team of sufficient strength to get over 
what has been neglected. 

The cross roads in France and Ireland are 
better than those in England ; because in France 
ihey are now under the immediate superintend- 
ence of the government and in Ireland under 
the care of Grand Juries at Assizes. It has been 
aaid that the establishment of turnpikes caused 
the first general attempts to the improvement of 
roads ; though this may be the fact, yet it is 
equally true that many of the turnpike trusts in 
England have failed, and that many of them are 
not only deeply in debt, but insolvent. These 
failures have arisen from various causes ; but 
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one obvious defect is common to most of these 
fritsls: they have borrowed money from indi- 
viduals to maie the roads in the first inEtance, 
and the interest of the capitals have been paid, 
out of the tolls, leaving scarcely any thing for 
keeping the roads in repair. Now to secure a 
fund for repairs the money expended on the 
road should in no ways interfere with the pro- 
duce of the tolls, which should be exclusively 
appropriated to improvements and repairs. 

la Ireland the public roads are divided into 
four classBB, each maintained under a distinct 
body. The first class and that far the most 
extensive comprises the County roads maintained 
exclusively by a land tax under Grand Jury 
Presentaients. 

Hie second class embraces the roads main- 
tained by the Board of Works which are com- 
paratively but few. 

The thii'd class includes those roads main- 
tiuned by a toll levied by Turnpike Trustees, 
being also but few. 
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of Cork it can be stated with certainty that the 
average cost of the Turn-pike roads is three 
times greater than the cost of the Coimty roads, 
whilst the state of repair of the latter is gener- 
ally much better than that of the former. 

There is very ample room for improvement in 
both. But the Turn-pike roads, it may be safely 
said, are maintimied during the winter months 
in a condition barely sufficient to render them 
passable ; and at all seasons they will bo found 
to want that soUdity so essential for the pubhc 
convenience and for the ordinary purposes of 
communication. They are most part left to the 
management of unprofessional men, and have no 
well regulated system of supervision. 

The Eoada maintained by the Board of Works 
ai'C well executed, but the average cost will be 
found to exceed that under the Grand Jury 
system for the same description of road. The 
expense of the roads maintained under the 
former may be taken at about £11 per mile per 
annum, and they are usuaDy in remote districts 
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vhere no very considerable intercourse exists. 
The general syatem of the Board of Works is to 
appoint a superintendent to about 200 miles, 
and under him there are from ten to twenty 
overseers, Tvho direct the repairs by daily labour, 
having been previously supplied with broken 
stones by contract. 

If the entire repairs were contracted for under 
the direction of the Superintendent, it is believed 
that they would be executed more economically, 
and that the average cost would not exceed that 
of the County roads. Of this we have had a prac- 
tical proof in the instance of the Skibbereen and 
Crookhaven road about 20 raUes long which is 
(uperintended by us without any charge to the 
Board. We advertised the repairs of it for them 
in two contracts and for a period of three years, 
and they have been executed fuUy as well aa 
other roads of the description and for £6 per 
mile per annum, clearly proving the greater 
economy of the contract system. 

The cost of roads maintained by the Local 
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Boards in Cities liaa risen to an excess quit 
disproportioned to all others or to the inter- 
course existing upon them. This extravagant 
expenditiu'e may in some degree be accounted, 
for by want of system and the neglect of the 
most ordinary rules for road repairB. Nothing' 
can exceed the filth of these towns, nor can any- 
thing be more wasteful than the system under 
which repairs are conducted. As an instance, it 
may be mentioned that under the Local Soard 
for the City of Cork there are 46 miles of 
Streets and Roads embracing an area of about 
S7,862 square perches, for repairing which, 
including cleansing and watering, the annual 
levy is upwards of £6,000, making an average 
of £130 per mile per annum, which is fully cent 
per cent over the sum for which the repairs 
could be effected under proper system. 

Notwithstanding this enormous expenditure, 
the Streets of the town and the approaches 
through the suburbs are kept in the most 
unsatisfuctory condition. In one section of tihe 
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town, the surfece is little better than a s 
of rata and holes — in another the health and 
convenience of thousands would seem to be 
utterly unheeded : filth is allowed to accumulate 
in the narrow and populous lanes ; and the atmos- 
phere 13 contaminated in localities whichrequire 
deanlineae more than the wide streets and well 
circumstanced houses of the more wealthy inha- 
ibitants. The approaches and suburba are if 
|j{K>aaible worse — in the rainy season an extremely 
irregular surface is always covered with a thick 
Boat of fluid limestone mud, which the tramping 
©f horses will splash around in every direction, 
,and when the weather happens to be dry, the 
load with its immediate ncighboui-hood is enve- 
loped in clouds of dust to the great annoyance 
of passengers and of the citizens who crowd these 
delightfhl suburbs. 

A strong evidence of the imperfect systems of 
Xocal Town Boards is furnished by the opera- 
ition of the Act, 6 & 7, Vic. c. 32, in the City 
(rfCork. That Act extended the jurisdiction of 
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ihe Local Street Boai'd beyond the old subuilw 
to the new municipal boundary, taking in 2,200 
lineal perches of road previously maintained by- 
contract under the general Grand Jury Laws 
for an annual sum of oiie hundred and thirty-Jive 
pounds. Now however that this extent of Road 
has been transfered to the care of the Wide 
Street Board the contract-system is abandoned 
and BO large a sum as Nineteen Hundred Pounds 
a year is levied off the City for the maintenance 
of what had previously cost only £135 a year. 

If we compare the effects of the existing 
arrangement of County Presentments with any 
other system for the execution of public works, 
we must come to the conclusion tliat under the 
former the greatest amount of work has been 
obtained for the smallest sum of money. 

The same result may be expected fi'om any 
other arrangement based upon the Contract 
System provided it be effectually worked through 
aU its details. This will be best secured under 
,«uch an arrangement as will secui'e a sufficient 
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aiaoQiit of individual responsibility, and no 
arrangement can do so without being so far 
stringent in its nature as to compel the fiiU 
performance of every contract. 

Partieular care should be devoted to the 
preparation of agreements and specifications, 
setting forth for each Contract only such works 
as the exigency of the case should require. This 
cannot be expected under any Board or System 
without a large shareof the professional assistance 
of an engineer ; otherwise a wasteful expendi- 
ture of the pubhc funds will be the obvious 
reeolt, not only in the outlay upon unnecessary 
worts but also in the imperfect execution of 
reaUy useful works. Such results at all times 
mischievous, would it is easy to see entail upon 
society a lai-ge amount of injury at no distant 
period, and would exhaust much of the resources 
lliat under proper management would have 
served to advance the substantial interests of 
the community. 

The following is a list of the Counties of 



Ireland, shewing the length of road maiatained 
by Grand Jury presentment, and the number of 
Principal and Assistant Surveyors in each- 
taken from the Report of the Grand Jury Ctmf 
1 in 1841. 






Antrim 1,900 . 

Armagli, 917 . 

Carlow, 540 . 

Cavan, I,2DQ . 

dare 1,170 . 

Cork— Ewt, 1,304 . 

Cork— Weit 971 ■ 

Dooeeal, 2,482 . 

Down, 2,560 . 

Feimanagb 86S . . 

GfUwey— Eaat 957 .. 

Galwey— West 900 . , 

Kerry 950 .. 

Kildare eos ., 

Kilkenny, 816 .. 

Kings CoDiitj, 729 . . 

Leitrim, 652 .. 

Limerick— Eaat G5<i .. 

Limerick— West, 576 ,. 

Londoodeir;, 1,430., 
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witbin it for a period not exceeding seven years. 
Contracts are usually for no more than three 
years in Cork County, where there are at present 
upwards of one thousand seven hundred, each 
averaging about two miles in length. 

It is only at each Assizes that Grand Juries 
can put roads under contract, and even then 
their powers are limited to the granting or 
refusing such as may be sent to them from a 
previous meeting of Magistrates and selected 
Cess-payers held in each Barony. There is one 
such meeting held previous to each Assizes, to 
consider and decide upon applications for con- 
tracts upon roads and all other public works 
for which the Eai'onics are liable to taxation, 
such as New Roads, building and repairii^ 
Bridges, repairing Boads &c. The County 
Surveyor attends each meeting and prepares 
Plans and Specifications with forms of Tenders 
for every work approved thereat; and thereupon, 
hut at an adjourned meeting, the Baronial 
Bench contract with parties for the execution of 
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well work. The Bench are compelled by the 
pronsions of the Grand Jury Act before 
mentjoned to accept in each case of the lowest 
tender, provided the party so tendering finds 
two sufficient securities for double the amount 
of his offer. 

Hie several ivorks approved and adopted by 
Hie Baronial meetings, and the contracts for 
executing them, are submitted to the Grand 
Jury at the succeeding Assizes, and they are 
[empowered to grant or refuse them as they 
fahall think proper; but they have no power to 
alter or modiiy them in any degree, from the 
Inaimer in which the Baronial meetings may 
ihiLYe determined upon. 

LThua the Grand Jury controls the acta of 
Hi Baronial meeting," whilst neither body is 

* The Gcaad Juries are furnished at eacli Asalzea iritb n 
list of one hundred names from each barony being the 
highest Cess-payers therein; und tliey select aay number 
BOt eicceding Tnenty-four, who are thereupon gtialififiltiy 
be nnociated with the MttgbCrates at the Buooial Sessions. 
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empowered to engage in any work howevea 
small without the sanction of the other. 

Great pubhc inconvenience often arises fron 
this arrangement, there being no power left in 
any quarter to wai'rant the repairs of any roml 
however usefiil, which by accident or otherwise 
may not have been put under contract at the 
Assizes ; and it is by no means unusual to find 
very important lines of communication so cir- 
cumstanced without any adequate means of 
guarding against the 



One-half that nuniher are drnwn by lot, and with &e 
Magiatrales decide upon nil applications brought before the 
meeting ; but the same Cess-payers cannot be selected to be 
asiociated nith the Magistmles at two successive meetings. 
Both Magistrates and associated Cess-payers and all County 
Officers are disqualified from engaging oc being interested 
in any County contract. 

* Sudden Breaches in Roads or Bridges, caused by 
Ploods or such accidental circumstances may be repiured 
by the order of two Magislralea made at Petty Sessions, or 
of the Grand Jury at the Assizes. 

Two Magistrates cannot authorize a greater expenditure 
than Ten Pounds for Rotkds or Twenty Pounda for Bridget 
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TTiere are generally about eight raontlis be- 
tween the Summer and Spring Assizes, and any 
line, save Mail-Carriage Koads, not previously 
contracted for must remain neglected during 
[hat long period, Tvliicb embraces the season of 
the year that acts most injuriously upon roads — 
the winter months. Such cases might be pro- 
Tided for by allowing a special application after 
the usual public notice, to be subraitted and 
entertained on the first day of each general 
quarter sessions of the peace, and if approved, 
by entering into a contract for the immediate 
repairs and proper maintenance of the damaged 
road or bridge or whatever it might be until the 
Bucceeding assizes, when it could be placed 

n dBmBged, but the power of Otaad June* is unlimited in 

tluBreapect--BndDeilhec [he oueoor the other can authorize 
the repturs of an; sudden breach uuless it shall have occur- 
red so recently aa not to admit of an appltcatian to Road 
Seuions in the ordinaiy nay. 

The Post Master General can direct the Repairsof uny 
neglected rood upon vrhich the MoUb Die convened in WHeel 
Carriages. 
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under contract in the usual way* Thus not only 
would the inconvenience arising from neglect or 
accident occurring froni assizes to assizes be 
effectually prevented but also in all likelihood i 
large expenditure at a future time would be 
saved to the pubHc. "When the occurrence of 
such accidents is not only probable but certiun, 
the omission of any provision to meet the contin- 
gency is a palpable defect in the existing state 
of things. Other and serious objections are 
found to exist against many provisions of 4e 
present Road Act as well as against its omissions. 
The provision requiring a preference to be given 
in all cases to the lowest bidder has been pro- 
ductive of considerable difficulty in securing flie 
proper maintenance of inportant lines of com- 
munication. It is to be recollected that if the 
public gain a something by gi>"ing works to the 
lowest bidders, they are at the same time sure to 
lose by rejecting a good Contractor whose 
superior attention and skill arc of^n more than 
equivalent to the pecuniary gain derived 
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puljlic by the employment at a lower nominal 

cost of less skilTul hands. 

No doubt some difficulty might occasionally 
arise in guarding the exercise of a discretionary 
power from abuse, but under every state of 
things, objections of one description or another 
will be found to exist ; and therefore the best 
system under all circumstances -will be that 
which best qonsults for the public interest with 
the smallest amount of mcouvenience. That the 
of low contracts is not the best of all 
follows from the preceding remarks and 
.appear evident upon a very little reflection. 
No doubt the stipulated salaries of negbgent 
Contractors can be withheld and their contracts 
quashed, but the very necessity of applying such 
remedy presupposes the existence of a bad road ; 
with all the inconvenience thereby occasioned to 
Ihe public ; and upon the commonly admitted 
principle that prevention is better than cui'e, it 
Were obviously better to do away altogether with 
the necessity of such a coui'se by at once adopt- 
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ing a better Hystem, under wliich as the evil in 
question could not arise so neither would the 
remedy be called for. 

Once a man becomes a bad contractor, he should 
not agton be alloived to undertake the mainte- 
nance of any road in the distiict, much less be 
received upon equal terms with one who prowa 
hirascif efficient in the performance of the duty 
he undertakes. The absurdity of the present laT 
which maJcea no distinction between the good and 
the bad contractor must be very obvious indeed, 

Under every circumstance and in all cases tie 
system of Contracting by pubHc competition 
should be strictly followed ; still it cannot 1« 
denied that the exercise of a sound discretion in 
selecting Contractors, would be found to operate 
with the most salutary effect ; and the exercise 
of such discretion could hardly fail to be sound 
when open to the eyes of the pnbUc and liable 
to be canvassed mth a just severity. 

The regulations under which payments axe 
I made to Contractors are extremely inconveoieUU 

h J 
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MBBKnously demand revision — when a contract 
is effected for the repairs and maintenance of a 
road, a registry is made of the Contractor's name, 
stating the length of road under his care, and 
the rate per perch per annum for which he has 
contracted according to the specification of the 
County Surveyor. In all cases where the con- 
tract is properly fulfilled the Grand Jury at the 
following assizes make an order for payment of 
the stipulated salary ; but that order is the only 
authority for levying the amount under the 
existing law, and therefore the Contractor b 
obliged to wait for payment until the following 
assizes when the levy is paid into the County 
Bank. Thus the Contractor is twelve months 
before he receives any payment, and there can 
be no doubt that the effect of such delay is very 
injurious to the Contractor and to the public 
rIso. l-*aymcnts could be made half-yearly by 
levying the amount of each Contractor's salary 
concurrently with the granting of the contract j 
md the Contractors whose neglect would discn- 
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title them to their salaries at each assizes, eouli 
be debarred &om a future application and their 
salaries re-presented to the credit of the Baronial 
charges in aid of future levies. 

It must be admitted generally that the system 
of County Contracts is by no means free from 
defects; but yet it must be obvious to those 
conversant with its operation, that it has worked 
very well and that by the introduction of judi- 
cious amendments it is susceptible of much im- 
provement. With its admitted defects, no other 
existing system is so sti'ongly reeommcnded by 
experience and none certainly can compare with 
it upon the score of economy, since it cannot be 
questioned that it has given the largest amount 
of work with the smallest expenditure. 

The present law under which County roads 
are repaired has had a trial often years, whence 
it is no wonder that the working of its details 
should be partially clogged by unforeseen defects 
or trifling omissions which experience would 
point out and dme rectify. But as yet moa( 
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certainly no suiEcient case has been made out 
for transferring to other Boards that control over 
the execudon of County works which Local 
Session Meetings and Grand Juries can exercise 
so efficiently and so economically. If improper 
persons are sometimes selected to act at Session 
and Assize Meetings and if sufficient means 
have not yet been devised for controlling their 
proceedings and insuring the execution of none 
but really useful works and with the greatest 
economy of the public funds, some apology may 
he found in the recency of the system, which 
can be ameliorated in time by amending the Act 
that defines and regulates its operations. What- 
ever be the existing defects it must be admitted 
that the interests which the present law was 
designed to guard and to advance have been in 
the main materially served. The valleys and 
mountain ranges never before traversed by the 
path of industry have been intersected by excel- 
lent roads ; large tracts that lay waste beyond 
Ihe memory of man have been brought under 
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cultivarion ; improvement has found its way 
almost inaccessible districts which have 
changed the wildness of unreclaimed nature for 
the smiles of fertility ; and where the marsh 
exhaled its' vapor and the hill was covered with 
its' barren heath the eye is now gladdened with 
the sight of pastures and corn-fields. The scanty 
population which formerly struggled for a pie- 
carious subsistence, debarred in effect from 
intercourse with others, have given way to an 
energetic and industrious population ; and sounds 
of living industry now greet the ear of the 
traveller where formerly he might have been 
indebted to the accidental civility of the moun- 
taineer for discovering his way through the 
intricacies of the scarce beaten path. 

These are evidences of improvement and 
growing national wealth which present them- 
selves to our observation in connexion with the 
existing system of County Contracts ; and a 
system to which we can trace such effects as to 
theii cause must be admitted to have worked 
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well for the public good notwithstanding the" 
partial defects incidental to its' operation. 

The defects and abuses of the Grand Jury 
laws in existence immediately before the present 
system of County Presentment, were too palpa- 
ble not to be felt and loudly condemned ; and' 
the disposition to find fault with the present 
system may take its rise from confounding the 
one system with the other and attributing to tlie 
present one the imperfections which in truth 
apply only to its predecessor, while the beneficial 
reaulta of the system now in operation are either 
wholly forgotten or but little attended to. 

Taking the County of Cork which is about 
one-tenth of Ireland in extent and population,. 
we find under the present Grand Jury law, now 
ten years in operation, new roads and works 
executed of unusual magnitude, the extent of 
roads maintained by presentment nearly doubled, 
an immense annual increase of expense for the 
Constabulary Crown prosecutions and other 
public burdens not existing under the previousj 
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law ; neeerthekss i/ie taxation of the County o_/^ 

Cork for the last ten years since the introductiot^ 
of the present law, does not exceed the taxation of^ 
the preceding ten years hy quite one per cent. 

It 13 much to be regretted that the CommiHsion. 
lately appointed to enquire into the working of 
the Irish Grand Jury law should not have made 
themselves acquainted with those facts before 
they agreed to a report setting forth the present 
law as one not to be recommended on the score 
of economy. With all respect for the opinion 
delivered in that Report, it cannot be reconciled 
with the actual experience of the last ten years 
in so large a portion of the kingdom as the 
County of Cork. 

The following tabular return of the levies upon 

the County of Cork under the old and the present 

law for the last twenty years, has been prepared 

with the greatest care from the County records 

and may bo relied upon as strictly correct* 

•I am indebted W Mr.W.Murpliy for this table which has heen 
extracted from a most instructive and useful summary af the 
County tuatioQ prepared by him with much laboi and ability. 
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M UTIES UPON THE COUNTY OF CORK. ■ 


■ 


CNDBR THB 

OLS GBAND JURY LAW. 

3MhGl0.a.cH. 


UNDER THE 1 
PRESHNT GRAND JCaY LAW. ■ 

ilrdA4UiW>i.4,c.78.uid ■ 
«*7W»,4.c.n.. 1 


HiK. 


x--™ 




...^. 


1SZ4 


£72,803 12 11 


1834 


£76,988 1 1 


182S 


B2.116 7 7 


1835 


62,798 18 6 


I&2G 


S3,585 19 6 


1836 


70,666 19 5 


1B27 


89,713 a 6 


1837 


68,265 14 4 


1828 


G9,832 e 10 


1838 


78,951 7 1 


1829 


72,969 2 7 


1839 


77,809 7 6 


18» 


63,112 19 2 


1840 


84,866 12 


1831 


87,834 12 6 


1641 


80.719 15 11 


1832 


69,375 S 8 


1842 


79,995 11 4 


1833 


80,621 1 3 


1843 


77,379 a 11 


Ten Tears. 


7S1.96G 13 6 


Ten Years 


758,441 12 














1 


1 


Difference 










Ualdug a dUTerence of leu than On. 


ptr Cinl. upon a 1 


comparison of the levies for equal periods of Twenty YearB, 1 
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Iicland presents a yer^ remarkable contrast 

with England m respect to the comparafive 
economy of their road system. In England it 
appears that the maintenance of 21,962 miles of 
Turn-pike roads cost annually £1,453,567, 
whilst according to the cost of the County of 
Cork roads the same length would be maintained 
in Ireland for £190,337. From the great 
increase of agricultural wealth in Ireland and 
the consequently increased transit of produce on 
its roads, it is believed that the average amount 
of road intercourse cannot be very much greater 
in England* Besides the load of a horse upon 
the English roads rarely exceeds fifteen cwt. 
whilst in Ireland it may be fairly stated at SO 
cwt. Indeed 25 cwt. is a usual load and even 
30 ' cwt. is not uncommon. These two circum- 
Btances taken together, the greater heaviness of 
the loads in Ireland while the average intcr- 

* The large number of cannls which intersecl almost every 
CouDty of England, lelievc the roads from much of the 
heaviest intercourse. 
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course in each country is nearly the eame, afford 
a fair enougli test for estimating the comparative 
excellence and durability of Uie roads in both 
countries. 

Jf we compare the expense of constructing 
new roads in England and in Ireland, we shall 
aitiTe at the same re^idt as in respect to repairs. 

In the County of Cork 627 miles of new roads 
have been made by County Presentment within 
the last tiyenty years for a gross sum of £165,^13 
14s. fid. giving an average cost per mile of 
£S63 9s. 6d. 

In England the cost per mile, according to 
Mr, Hughes's estimate given in the latter part 
of his work on roads, is £4,457, 

The difference of cost per mile in England 
and Ireland is very remarkable and out of all 
proportion with the difficulties of construction 
and the quantity of labor required in both 



Upwards of 300 miles of new road in the 
County of Cork have been designed and executed 
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under our direction, the planes of inclination or 
gradients upon ■which are generally about one 
foot perpendicular rise for every forty feet in 
length ; and the excavations and embankments 
are in the main as heavy as ou the English 
common roads. 

The comparative estimate we have given of 
the expense of road-making in both countries is 
not the statement of a theorist without exper- 
ience, but of one who has the means of speaking 
from practical knowledge and may therefore be 
relied upon as one of unq^uestionable accuracy. 

It is tiiie a variety of causes may contribute 
to raise the average cost of making and main- 
taining the English roads ; yet after due allow- 
ance for all, there still exist between the systems 
of making and keeping the roads in England 
and Ireland, and between their respective 
expenditures a difference of sufficient magnitude 
to challenge the attention of those to whose 
supervision such interests are entrusted. 



i 



MODE OF 

NG AND REPAIRING ROADS. 



Chapter III. 

Tte beet mode of sixriacc repaii' is that wbich 
Hcaxee the greatest degree of hardness, smooth- 
nesB, and firmness at the Bmallost expense. 

Various modes of making and repairing roads 
have from time to time been practised, and after 
a full and oftentimes an expensive tpial they 
have been succeeded by others which in their 
turn have given way to some more novel method. 
Experience has now established the superiority 
of broken stone from eight to ten inches thick 
for the upper crust of ordinary roads, not only 
because of the economy of this method but also 
on account of Its general adaptation to all locali- 




J 



64 MODE or MAKIKG 



} 



ties, and its decided superiority in point 
comfort and ease to paved surfaces. The 
modes of repairing and forming a road sur&ce 
include. Rubble-stone pavements, Ashlar or out 
stone pavements, wood pavements, and whed 
tracks of cut stone and iron. Each has heen 
tiied in turn and found to possess peculiar ad- 
vantages suited to particulai' situations more 
especially to towns and places of great inter- 
course. 

£ach too has had its advocate contending 
zealously for it« superiority and general adoption. 
"Without attaching ourselves to any particular 
system for all varieties of circumstances, there 
can be no doubt that considerable advantages 
would attend a combination of those methods by 
applying each to the peculiar situation and cir- 
cumstance to which it is best suited. For 
instance where unavoidable acclivities occur, a 
wheel track of iron or cut stone, laid on the left 
side, being the proper place of an ascending 
carriage, would reduce the friction at the sur&ce 
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I nake die draught up hill so easy tliat in 
J cases it would be diminished below that 
a ordinary jfai road, 
[He noi»e of vehicles rolling over pavements 
ti Inmost intolerable in towns of considerable 
ij^course v^hUst a broken stone surface is com- 
paratively noiseless ; for wluch reason added to 
its' superior safety, the latter suiface is confes* 
sedly better adapted to the ordinary intercourse 
in Cities and Towns. The expense of keeping 
the Streets of a Town clean and in good order 
will be cheaper with broken etone than with a 
paved surface in Uie ratio of about two to five 
on a moderate comparison, and the broken stone 
will be found much less irksome than the rug- 
ged and noiEy pavement. 

No doubt pavements are more durable than 
broken stone as a road crust, and of this we 
have very strong evidence in the instance of the 
. ancient Eomaji roads. The surface of the 
Koman roads was composed almost exclusively 
of cut stone pavement ; many of them etill exist 
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in good preservation, though made over two 
thousand years. It ia within the last fifty years 
that pavementa were generally superseded by 
broken stones which latter may now be said to 
be the general mode of making and tepwring 
roads. 

A broken stone road possesses great facihties 
for maintenance beyond what pavements pre- 
sent. Partial repairs regularly applied oa a 
broken stone surface will secure a good carriage 
way, whilst it will be necessary to take np a 
large portion of good and permanent surface of 
a pavement in order to remedy a comparatively 
small defect. This arises from the lateral pres- 
sure which always exists in a pavement whilst 
undisturbed, and although this pressure operates 
effectively in preserving a paved surface, yet 
when even a pai'tial disturbance takes place its 
state becomes altogether different and the lateral 
presstiTc which previously operated as a pre- 
serving then becomes a destroying principle. 
The action of a pavement resembles that of an 
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arch; when a portion is removed, the lateral 
pressure of what remain b ha\-iiig lost its resiBting 
medium] loosens the surface crust for a con- 
siderable distance around, and renders extensive 
relaying necessary where comparatively partial 
repairs and outlay would have answered with a 
broken stone surface. In considering the rela- 
tive advantages of paved and broken-stone 
surfaces, it is important to bear in mind that the 
former may be repaired without any particular 
intermption to ordinary traffic, whilst repairs 
cannot be carried on upon a pared surface 
ivithoat a total suspension of intercourse in the 
mean whOe. 

This presents an inconvenience extremely 
embarassing and injiu^ious to the public ; so 
much BO that it is often deemed better to endure 
the annoyance of a very bad pavement even 
until it becomes almost untravellable rather 
than submit to the greater inconvenience of 
repairing, which would put a iiill stop to inter- 
coorae for some time. 
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On steeps and even upon partial inclinationB 
pavements become yery dangerous from the 
want of footing for horses. It is said that at 
Blackii'iar'a Bridge a greater number of horses 
in proportion to the number passing over have 
been thrown for want of footing or hold upon 
its paved surface than at any other place in tie 
kingdom. The same inconvenience was had to 
be encountered by vehicles ascending Ludgate 
Hill, and it was found necessary to lay the 
pavement in a peculiar way in order to dimlniah 
the inconvenience. The new pavement vie 
laid BO as to present an indented surface 
similar to a fluting or grooving represented 
in Fig. 1. 

The squared stones being laid across ths 
Btreet upon an indented or inchned bed, one 
edge projected above the adjoining one and 
upon a longitudinal section resembled the teeth 
of a saw. This method proved qaite successfiil 
in preventing accidents, but the noise of the 
many wheels passing along this great thorough- 
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tare was increased to an intolerable degree and 
even at tte risque of safety the blocks bo laid 
ltd to be reset level as before. 

Babble stone pavements are made with large 

gravel Ininps somewhat resembling a large egg, 

ud usually about ten inches long by four inches 

thick set on end upon a bed of coarse sand about 

three inches thick, into which they arc driven 

by t heavy wooden maul weighing about seventy 

pounds worked by two men. The stones should 

he mauleci down firmly to a uniform surface 

slightly convex in the middle and coated over 

*iUi a layer of fine gravel one inch thick. In 

ihe formation of paved as well as broken stone 

surfecea it vnll be found necessary to drain the 

subsoil perfectly. The cost of such pavements 

wiU mainly depend upon the convenience of 

stone and the price of labor. In Cities the price 

will be found between six pence and ten pence 

per square yard, ivliilst in other localities where 

paving stones are chcop and wages low, it will 

not exceed four pence the yard. A good pavior 
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will set three and one half square yards in ai 
hour, requiring two labourers to prepare and 
level the ground and bring stones, tesidea two 
men for ramming and mauling down who wiD 
be able to serve the work of sis paviora. 

The coBt oi worhmansh'p per square yard csa 
therefore be easily calculated. Putting t!ie 
wages of a pavior at four shillings and labourer 
at eighteen pence per day, the cost of imh 
manship per square yai'd will be as under: 

Cut pm Taut 
One pavior executing 3G square yorda at 

4(. Off. per day nill give Ij 

Tvo and one-third labourers to attend and 
maul domi each pavior's nork at Is. id, 
per daj- for 3G Eqiiare yards will give . . 1^ 

Cost fornorkmanship per square yard . . 2\ 

The cost of paving stones must vary accord- 
ing to their local convenience but they may 
generally be procured for about three to fbiB 
pence per square yard ; and sand can be tad 
for about one penny the square yard. 

Cut stone or ashlar pavements are formcii 
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ffith heira blocks of the form of parallelopipeda 
bfiing generally eight to twelve incheB deep and 
about eight mches wide by eighteen inches long. 

Their use is chiefly confined to streeta of 
iblc intercourse, the foundations being 
alike to rubble pavements, the blocks 
we laid in regular courses across the carriage 
way and are bedded firmly and closely as in the 
arch of a bridge. Should the blocks be wider 
than eight inches, a champhered groove runs 
across the upper surface of about one inch in 
depth ; and in all cases the edges are chamfered 
or cut so that when the blocks of each adjoining 
course are set the joint will shew a like gi'oove, 
the object of which is to afford sure footing for 
horses. Such pavements will be fotmd very 
durable, not requiring frequent repairs like 
rabble pavements, for which reason they should 
always be prefeiTed wherever there is a great 
thoroughfare. In other respects this description 

road suriace is hahle to the same objections 
ia nibble pavements, causing the Uke disagree- 
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able noise tmA when out of order reqi 
extensive relaying. 

The extra expense of cut stone compared 
rubble pavements will be confined princi] 
to the labour in dressing the blocks and 
rally may he averaged at from four shill 
six and six pence per square yard. If there is 
Footways on the sides, the blocks next them 
should be firmly abutted against the curb stonet 
This description of pavement possessing as it 
does the principle of an arch ia very permanent, 
but yet from its quickly wearing into a smooth 
surface becomes extremely dangerous to horsei 
and therefore deficient in one of the most 
essential conditions of a good roadway, namely 
eafe/y. 

Paving with blocks of wood has lately been 
txied in New York in North America, ia St 
Fetersburgh, and in London. The experimest 
appears to have been very successful in the last 
named city, where over 100,000 yards have been 
laid down, possessing beyond any doubt the 



ly aoubt toe j 



P Aim nEPAnmro roaim. 7S 

I idvantage of cleanliness and freedom from dis- 

MJpteeable noise whilst at the same time tlic 

Bmfiee is firm, safe and durable in a high 

I dqp-ee. The first method adopted in laTing 

I those pavements was by cutting the timber into 

Iiexagonal blocks measni'ing about nine inches 

on eTery dimension and setting them on a firm 

broken stone or concrete foundation. But that 

mode of forming the wood blocks soon presented 

an obvioua defect. The small surface embraced 

under each block, being seperately acted upon 

by each vehicle passing over it, the concrete or 

Btone foundation at once received tliat pressure 

from the manner in which the blocks were laid 

and soon became indented, so that the irregula- 

rities of the substratum were at once exhibited 

by the sur&ce of the wood pavement and the 

contour of the latter assumed aU the appearance 

of a roadway disfigured with ruts. 

Various ingenious methods have been adopted 
to meet this evil, the blocks now laid are gener- 
ally cut into the forms of parallelopipcds each 
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about eighteen inchea long by twelve ii 
wide and from three to eight inches 
grooved and tongued together bo as to cmbraM 
a large bearing surface and thereby prevent the 
injurious action upon the foundation to whicli 
the first mode was liable. With this arrange- 
ment each side of a block can be turned up to tie 
surface according as any one becomes abraded. 
The first cost of the blocks for a wood pave- 
ment will not be found so expensive as upon 
first yiew might be supposed. The wood Paving 
Company established in London under the pro- 
tective provisions of a patent wiU deliver their 
paving blocks at any seaport in the kingdom at 
from 7s. 9d. to 7s. Od. per square yard. This 
Company is entitled to a Royalty of one sbilliBg 
per square yard upon every yai-d laid down by 
any other company or person. The following 
list shows their charge per square yard for 
blocks of different depths : 



Six Inches tJiick at 7 

Five lucheB do 7 

Four Inches do 7 

Three luchei d<? 7 
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mi eo on diminishmg three peuce per inch in 
thicbieBs. But if the foundation be well pre- 
pired and covered with a layer of broken stone 
concrete six inches deep, tlie wood blocks of 
JheiaoAes tltich will he found sufficient for roodB 
vheie the most estenaive traffic is carried on 
jnd where there must consequently be the 



greatest wear of tlie highway. A good concrete 
may be made by mixing a half bushel of hydro- 
liqae lime, a quarter bushel of clean sharp sand 
and five bushels of clean river gravel or broken 
stone, which quantities being mixed to a good 
consistency with water and spread evenly wiU 
be found to afford the necessary thickness for 
one square yard. 

The cost of setting the wood blocks wiU he 
about three pence per square yard. 

Experiments have been made with the view 
of determining the relative superiority of wood 
and stone pavements, and the result of these 
experiments ia that wood pavements are more 
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durablcj* present greater facilities for trac6 
make less noise, have less of mud or dust i 
require less expense for their maintenance. 

From the experiments by which its superi- 
oiity Las been tested and proved, wood paving ' 
is litely to obtain general adoption; its chief | 
defect is its slipperiness in wet weather, but in 
eveiy otlier respect it appears to be a material 
superior to aiij hitherto employed for making 
the upper crust of streets in populous cities. 
To prevent inconvenience from slipperiness tho 
surface of the blocks is grooved across the direc- 



* In a paper read before the Scottish Society of Arts, hy 
Mr. Hope, on Ilic near and tear of graoitc compared nith 
vood during a period of IS months, he gives the following 
lesultE. 

Oranlte. 
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tion of draught. The sides of the grooves are 
usually sloped to an angle at bottom being one 
inch in depth, one inch ^'ide, and about four 
inches apart, which is found to aSbrd safe footinff 
for horsea. A practice was adopted in St. 
Petersburgh of laying over the wood with a 
■ fliin coating of pitch sprinkled with grit to pre- 
sent slipperiness ; and in London some of the 
earliest wood pavements were cemented with 
pitch and the sand thrown over the surface. 
But tliese methods tended much to the creation 
of mud and experience proves that wood pave- 
ment cannot be kept too clean or free from any 
extraneous mixture. Wood alone grooved in 
the manner described affords a siu-e footing and 
permanently clean surface, and the dry timber 
l)locks laid closely together without pitch or 
other cement than the key of wood already 
described, will swell from the absorption of 
moisture which they quickly imbibe and become 
so tight and firm as to supersede altogether the 
necessity of cement. Even in the driest weather 
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they will retain aufficieat moisture to insi 
necessary degree of coherency. If the bL 
are laid with the fibres in a vertical poi 
■they will be found to suffer least abraGion 
injury. 

Heads of considerable extent are now in pro- 
grese of construction through the interior of 
Canada in North America, the upper crust of 
which is formed with planks &om three to four 
inches thick laid in one length across the road- 
way, the surface and sides of each plank are 
sawed square aud laid closely together, bringing 
their upper surfaces to a uniform level. There 
is yet no suiEcient experience of this mode of 
construction to warrant any very decided opinlcnt 
as to its probable efficacy; but from the unfa- 
vorable position of the fibres when subjected to 
the action of vehicles and horses feet, they will 
be likely to suffer abraision very rapidly. To 
this we may add that where the elements of 
surface, so to speak, are ao large and unwieldy 
a partial repaii' must be a work of much greater 
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^fficulty than would attend the repair of a road 
lassie with small blocks such as we have 
described. 

The essentia parte of M. le Large's memoir 
on pavements given in the third volame of 
*f Let Machines Approuviet " of the French 
Academy is thus quoted by Mr. Edgeworth. 

Stones in common pavement are usually 
somewhat oval from fiye to seven inches long, 
and from four to six inches broad. They are 
laid in parallel rows on the road or alternately 
as bricks ai-c laid in a wall. 

On the pavement Fig. 3 wheels slip from 
flie round tops of the stones into the joints 
between and soon wear away the edges of the 
stones and their own iron tire. By degrees 
channels are thus formed between some of the 
stones, and in time the pavement is ruined. 

On the pavement Fig. 3 where the stones 
ate placed alternately to prevent the injury to 
which, the former method is liable, the wheel 
sliding sideways makes a channel between two 



80 MODE OF MAHIKG 



! 



stones, and is then obliged to mount from 
groove which it has made, to the top of the 
opposite to it ; when it has attained this situation, 
the wheel may sUde sidewaysj or may go forward 
over the top of the stone before it, till it drops 
into the interstice between the two next stones, 
By continual wearing, these ruts become go 
wide and deep that the wheel does not touch the 
stones on either side, nor does it reach the 
ground between them, but it bounds from one to 
the other, thus jolting the carriage in every 
direction. This method is not at present in use. 
In the pavements hitherto described, the 
stones are but of a small size, but if £at stones 
of twelve or fourteen inches long arc well laid, 
wheels are not liable to sUde into the joints ; 
and if such stones are laid with their longest 
sides crossing the road, they ai-e less Uable to 
injury; but still narrow wheels sometimes fall 
into the joints between the largest stones, and 
having in time worn away their own edges, and 
those of the stones, they will act like wedges 
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and will displace tlie Etones. No pavement of 
ibe best stone that could be procured can long 
Kabt this action of a narrow wheel. And the 
only effectual means of preserving pavement is 
to increase the breadth of all wheels to at least 
iaee inches, 

Were no wheels narrower, a cheap and 

dnrable pavement might be made of flat stones 

I lot more than thi-ee inchea square, provided 

I 'iwij' were eight or nine inches deep to give 

tliein reciprocally lateral support; for the tier 

of sQch broad wheels could never sink between 

tbe joints of the stones. But in all pavement, 

■iefirst thing to be attended to is the foundation. 

Xhis must be made of strong and uniform 

Qateriala well rammed together, and accurately 

Armed to correspond with the figure of the 

superincmnbent pavement. This has no where 

teen more eiTcctually accomplished than in some 

{>avemeiits in Dublin. Major Taylor who was 

at die head of the paving board, before he 

began to pave a street first made it a good 
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gravel road and left it to be beaten doi 
carriages for several months, it then he 
fit foundation for a good pavement. WlienJ 
foundation has been thus prepared care must 
taken that each stone is at least eight incha 
deep, that it shoidd bear broadly and firmly 
its base ; and that the whole should be rammed 
repeatedly to make tlie jomts close, the upper 
and lower aides of the stones should be as near 
each other as possible, but they should not toucii 
laterally, except near the top and bottom leaving 
a hollow in the middle of their depth to receiffl 
gravel which wdl serve to keep them together. 
This method of paving may be easily executed 
by common workmen who may throw in gravel 
between the stones as they are laid down. It 
may be easily conceived that if a grain of gravel 
inserts itself into the holes that are in stones 
opposite to each other they will dowel thejii 
together. It will be useful to cover a newly 
made pavement with gravel, which wdl 
the fresh pavement for some time from 
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irreonlar pressure of wheels till the whole is 
aawKdatcd. It should be observed that the 
should be of equal hardness, or eoft 
be Tvom down into hollows. 
Wi le Large, in his Memoir, has exaggerated 
the obstruction occasioned by the wheels of a 
carriage bounding from one stone to another. 
Whenever a wheel falls and rises alternately the 
tk insita of the carriage preserves much of the 
force acquired by the fall, to assist it in rising 
again, M. le Large calculates the loss of power 
ta a carriage rising half an inch at every paving 
Blone, to be equal to what would draw it up a 
Mn rising a hundred and twenty six feet in 
a mile. This calculation is certainly beyond 
the truth. 

It is scarcely necessary to add that in every 
species of paving no stones should be left higher 
or lower than the rest; for a wheel descending 
&om a higher stone will by repeated blows sink 
or break the lower stone upon which it falls. 
Perhaps iron pavement might be practicable. 
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The hardcBt stones soon give way at the edges, 
but coarse refuse iron miglit be tried without 
any great expense. It should be cast ■with a 
rough sui-face upon wliich horses feet might haye 
a proper hold ; this inequality of surface ■would 
impede tLe motion of wheels but very Htde. 
Whether such iron pavement should consist of 
large or very small pieces is a question that 
cannot be determined without experiment. The 
expense would in the fii'st instance be Tery 
considerable, but its dui-ability might perhaps 
be found to compensate for a large original 
dishiirsement. 

M. le Lai'ge has in his Memoir, recommended 
Tery strongly narrow tracks of a superior kind 
of pavement in the nature of stone railways. 
He supposes that no inconvenience would arise 
from the meeting of carriages on such a track- 
way ; because he takes it for granted that all 
carriages would return empty from the Capital 
A supposition of a very extraordinary nature! 
Such stone railways have been recommended to 
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a Committee of the House of Commons by Mr. 
MattheVe in the first Report of May 1808, and 
were some years since as travellera may have 

.seen in actual uae at &lilan and other Continental 
towns. 

Though railways on a corrmion construction 
are not applicable to the traffic that goes on near 
a large city ; it is yet well worth considering 
whether they might not be advantageously 
adapted to great roads. On such roads when 
they are sufficiently broad railways might be 
placed on each side of the road. Oa thcEe small 
waggons for heavy burdens linked together 
might be drawn, and carriages for swift convey- 
ance might be received in cradles suited to 
railways : and thus light carriages may he trans- 
ported on railways without any alteration in 
their present construction, so that coaches and 
chaises may travel for any convenient distance 
upon any pubHc railway, and may turn off 
infitantly to a common road. 

Steam engines may also be employed to draw 
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all kinds of carriages, wliich in turn may 
all Borts of machines with any requisite Tel( 
without interruption. 

With respect to broken stone roads a 
siderable diversity of opinion exists among prac- 
tical men as to the best mode of preparing the 
sole of the road before receiving the brokffl 
raetaUing with which the surface is to be formed. 
Some contend that draining the subsoil is the 
only preparation necessary before applying *he 
broken materials or metalling, and that iIhj 
might be done with advantage even upon the 
worst soils, whilst others insist upon a foundation 
pavement under the broken stone as essentia] for 
a good roadway. 

The advocates of M^ Adams and of Telford's 
systems of road making urge these opposing 
views and each party presents practical proofc 
apparently strong and as in their opinion 
imanswerable, to establish the necessity of adopt- 
ing under every variety of circumstances the 
system for which they respectively contend. To 
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lllengihs are their views pimhed that even in 
B of roadways over rock bottoms, some of 
' those who take up Mr. Telford's views will con- 
tend iJiat a pavement is desirable between the 
broken stone surface and the roclc. Again, those 
who coincide with JVIr. M'Adam will insist with 
fall confidence, that once the subsoil is drained 
no other prepai'ation is necessary, and that the 
broken stone metalling being laid upon even a 
boggy or sandy bottom will insure a firm and 
permanent roadway, without any further prepa- 
ration Uian making the depth of the broken 
stone crust from eight to ten inches. 

Without engaging the reader in a controversy 
upon the relative merits of these two plana, ox 
the BufEciency of either in pecuhar situations, 
thus much may be laid down as certain that 
each possesses advantages suited to paiticular 
circumstances, and that both would be found 
inefficient upon a boggy bottom. In the latter 
case a stratum from 12 to IS inches thick of stiff 
clay as a soling imder the broken stone, the bog 
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surface beneath being previously well drained, 
would be found the most effectual means of 
insuring a proper and sufficient foundation for 
the carriage way. Whether stones be arranged 
as a pavement or otherwise, unless such a coat- 
ing is placed between them and the bog they 
will continually sink through the tuif, and the 
roadway will requiro constant metalling without 
much apparent advantage. A coat of stiff 
tenacious clay forming a compact flooring over 
the bog and embracing a wide surface prevents 
the metalling from penetrating weak spots under 
the pressure of heavy loads. Where there is a 
fine sandy bottom and stiff clay cannot be con- 
venientlyprocured, rough pavements or concrete 
fiom six to twelve inches thick under the broken 
stone will be found the best mode of securing a 
firm roadway over them; but in ordinary cases 
"^t/cAtMj7" or pavement under the broken stone, 
which is always expensive, is quite unnecessary. 
Experience has proved generally, that broken 
stone alone laid upon a well drained •ubioil, )*■■ < 
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sufficient to reader die sor&cc durable and 
nnifiirm at all seasons, not to speak of the great 

iges of economy and simplicity. 

a a road is to be repaired the first thing 
to he done is to ascertain the depth and descrip- 
tion of metalling upon it. No new atone will 
be necessary when the depth exceeds eight 
inches in the centre and four on the sides, but 
the Bur&ce should be loosened and all stones 
exceeding two inches in the greatest dimensions 
being raked to the sides should he broken 
sufficiently small to pass through a ring of 1^ 
inches diameter. "When the crust is loosened 
all snrface wavings and irregularities should be 
dug off and removed so as to bring the entire to 
an uniform figure having the middle elevated 
above the sides ; whereby there is obtained a 
cross fall for the discharge of surface water, 
which however should not be greater than one 
inch to each yard. The large stones raked ont 
of the road and broken at the sides should then 
be spread in thin layers upon the parts where 
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the metalliiig is deficient in depth. The D 
approved figure for the cross section of a p 
surikce is a segment of a circle. Against ti 
shape it is urged as an objection that the raidx 
or crown is loo flat and the sides too steep, I 
when it is considered that the entire rise of di 
crown above the sides ought not to exceed fi 
inches on a road thirty feet wide, and a rise lel 
in proportion for a less width, the difference! 
ratio in the cross fall of a circular segment n 
not appear very material. Theoretically c 
dered the objection to the segment of a circle* 
well founded, but experiment has clearly s] 
that the objection exists only in theory, 
depressed sides will answer as Water-tables i 
receive the surface waters which should ' 
discharged at regular intervals through pipes 4 
openings imder the Fences, The Water-tald 
should be kept quite clear from mud or otb 
matter so as not to obstruct the free flow of ll 
water, and should be carefully formed with H 
view of tapping and dischar^g any lodjema 



r 



AND RKPAIEIKG ROADS. 91 



i water on die road side. Water Buffered to 
(feet on the sides penetrates tKe sui'face and 
^torates the roadway to a considerable distance 
tronnd ; tbe ill effects of which soon manifesta 
itself in the general wreck of the road crust and 
flie eimultaneoue working up of the earthy 
subsoil, whence the surface is converted into a 
loose heterogeneous mass of mud and stone. 

!It is of great importance to form the edges of 
TViter-tables (which are in fact the sides of the 
toad) as straight as possible or to give them a 
I uniform curvature according as the line of the 
i Mad happens to be direct or bending. The 
I practice of making Water-tables like Trenches 
li is not to be recommended it being quite unne- 
. eessary to give them any remarkable degree of 
depression below the sides of the road. The 
iOip from the middle of the Headway towards 
the water-tables should be a uniform inclination 
ta &r as the edge of the water table, where the 
inclination may be somewhat steeper than that 
ti the cross-fall from the centre of the road. 
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When It becomes necessary to convey fliff 
surface water iiom one side of the road to 
the other, a covered drain should be mode 
across from one water-table to the other 
and below the metalling of the carriage-way. 
The water-tables have been oftentimeB con- 
nected by a paved channel running right acrosi 
the surface of tbe carriage way ; but these 
transverse surface drains are to be condemned 
since whatever may be their use in other 
respects they serve as most effectual spring- 
breakers whenever a carriage la urged over 
them with a speed much exceeding the rate of a 
walking pace. 

The broken stone or gravel used in repairing 
or making roads should be free from any mixture 
of sand, earth or other substanccj and of a size 
to pass freely through a ring of one and otie-half 
inches diameter. 

For repairs, in particular, it will not be found 
advantageous to use larger materials and as tar 
as practicable all should be of equal size. Eoad 
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ttateriais shonld be hard* and laid on very closely 
;t sheets, not in drills or small patches; 
f repairs care should be taken not 
to scatter about tho materials In a loose slorenly 
manner. The surface of the roadway should 
be perfectly cleaned from mud or dust before 
the metalling is applied, and in no case should 
gravel or stones be used of smaller size than 
would pass through a half inch ring. 

When the maintenance of roads is let by 
contract for a given time, it will be found of no 
small public advantage to include among the 
erpreas conditions of the contract the keeping in 
proper order all protecting Fences, "Walls, and 
other such works which may be considered in a 
manner as appui'tenanccs of a public road. 

This additional care will increase hut little 
the expenses of the Conti'actor or of the public 
that pays him, but it will save a large waste of 

* To obtain a Bmooth aurfoce, it ia eaaentidly neceuKry 
tliat road mntonali sbould havE tm aniform degree of 
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the public money because it will render unne- 
cesaaiy the frequent reconstruction of works 
which a little care and a litde expense regularlj 
applied in time will preserve from ruin. 

A newly made road requires very particular 
care for some time to prevent the loose materiala 
from forming into ruts — a binding of clean 
gravel would be found advantageouB, and 
greatly dimiuiah the iiksomeness usually felt in 
driving over fresh loose metalhng. 

The general state of repair of our Koads is 
very variable indeed ; some are kept very 
indifferently and others in very fair order ; but 
their condition generally speaking, does not 
approach to any thing like uniformity, which 
nevertheless were a thing greatly to be desired. 
The inconvenience of great diversity in the 
state of roads must strike any one of common 
observation. If a horse at the outset of a 
journey have a load placed upon him fully equal 
to his strength upon a good road, it will be too 
much for him on the bad parts he has to pass 



AKD BEPAIRINC ROADS. 95 

; and so on account of the different state of 
DOT different lines of road part of the horse's 
effective strength must be lost or else the animal 
Dmst be over-weighted, ■which is equally bad. 
It is therefore highly desirable, that the public 
roads should approach as near as possible to 
nniformity, especially as regards the degree of 
their hardness and other circumstances facilitat- 
ing traction and that can in general affect, so to 
speak, their travellable condition. The breadth 
and finish in other respects might yary according 
to the proximity of towns or the nature of the 
particular trafEc carried on ; but as ordinary 
roads intersecting the interior of the conntry are 
mostly used for agricultural purposes reg^uiring 
heavily loaded carts, they should be made aa 
hardsa other roads and as capable ot stistainhff 
the pressure of considerable weights. 

When new roads are to be made they should 
be laid out between their termini as direct as 
the features of the country will permit ; but 
Mr. Edgeworth truly remarks, to follow with 
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this view the mathematical axiom, tbat ^ itraight 
line ia the shortest that can be drawn between 
two points, will not succeed in mating the mort 
commodious loads ; hills must he avoided, town 
must be resorted to, and the sudden benda of 
xivers must be shunned. All these circumstanoB 
must he attended to, therefore a perfectly straglt 
road cannot often be found of any great length- 
It may perhaps appeal surprising that there v 
but UtUe difference in length between a road 
tliat has a gentle bend, and one that is in a pe^ 
&ctly straight line. A common road ten milei 
long and perfectly straight can scarcely be found ■ 
anywhere ; but if such a road could be found, 
and if it were curred so as to prevent the eje 
from seeing farther than a quarter of a mile of 
it in any one place, the whole road would not 
be lengthened more than one hundred and fifty 
■ yards. It is not proposed to make serpentiiie 
roads merely for tlie entertainment of travellers, 
but it is intended to point out that a sttict 
. adherence to a straight Hne is of much less cSh 
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pequenco than is usually supposed, and that it 
Urill be perfectly advantageous to de\-iate from 
tflie direct line to avoid inequalities of ground. 
I It is here that the skill of the engineer is to be 
I exerted, a skill that is acldom apparent in the 
laying out of English roads.* 

It is obvious that where the are described by 
a road going over a hill, is greater than that 
which is described by going round it, the 
circuit is preferable; but it is not known to 
every overseer that within certain limits it will 
he less laborious to go round the hill though the 
circuit should be much greater than that which 
would he made in croEsing the hill f 

■ This obser ration equally applies f o the unnecessary and 
almost reckless expenditure of money on the English rml- 
roads under circumstances where slight and easy deviotioni 
^m a striught line nould in grent measure save the neces- 
lity for immense tunnels, deep excavations or heavy em- 
bankments. The American engineers by tbeic practical 
adoption of this view chiefly, have succeeded in constructing 
Baitroads for Little more than a tenth of the expense of the 
English lines. 

f It is an important proposition in practical Engineering 
I when there will be less labour in going round 
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Where a liill haa an ascent of no more d 
one foot in thirty, the thii-tieth part of the vm 
■weight of the carriage, of the load, and of fli8" 
horses must be lifted up whilst they advance 
thirty feet. In doing this, one thii'tieth part I 
of the whole load continually resists the hoi"sea 
draught; and in di'awing a waggon of six tons I 
weight, a resistance equal to the usual force of two 1 
horses must be exerted. — Edgeworth's Roads. 

The following brief directions for making and 
repairing roads will be found to embrace most 
of what is essential for the proper execution of 
such works. And although these directions are 
not intended to instruct the operator under all 
varieties of circumstances, yet we believe tliey 
contain useful general directions apphcable to 
the ordinary cases arising in making and repair- 
ing roads. 

In making roads through diiEcuIt coujitries, 

a hill thaa in going over it; or to dctermiDe the lengfkt ttf 
fiorizonlal fines, ejmVafen( to ascaiding and deacend'mg piano. 
The investigation of this important proposition will be found 
n (lie subsequent chapter on Draught. 
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^^^^H and extensive works often become 
^^^^ptj, requiring distinct and BpccUic pro- 
^TOfens for their execution. It is not supposed 
B tbt the following directions rire suiEcient for 
■ my Buch caaee, on the contiary they are as 
I llready stated intended only for those of ordinary 
I occmrence. 

I GeTieral directions for Laying-out, Formiiiff, 
V Fmcing, Drainmg, and Metalling a New Road. 

LAYING OUT THE ROAD. 

' 1. The road should be laid out and made in 
strict conformity with the Maps, Plans, and 
Sections of the Engineer. 

S. The Road throughout its whole length 
need not be of uniform width : Twenty-five feet 
in the clear of fences and side drains, will be 
sufficient in ordinary cases ; but in deep cut- 
tings or high, cmbankmeota, the breadth might 
be reduced to 18 or 20 feet* 

S. The line, at every bend or turniag should 
have an easy curve, a segment of a circle, and 

Spioarhes to cities should be from 40 to 50 feet wide. 
831723 A, 
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where curves of contrary flexure or differcxit 
radii meet, they should be tangents to each 
other at such point. 

4. The levels of the road as marked upon 
the Sections should he strictly adhered to, iJisf 
ia to say, the Road should be brought, by cat- 
tings and fillings, to the inclinations shewn on 
the Sections. 

FORMING THE ROAD. 

1. Tlic sole of the Road should be formed 
with an even smooth surface. 

3, The two sides should be brought to flie 
same level and the centre elevated abow 
them so as to have a cross fall each way of OM 
inch in a yard. 

4, In embankments or made ground, if the 
filling be of bog-stuff, it shall have an additiou of 
one-fourth of its intended height ; and if of clay 
or earth, of one-twelfth, so that after consohda- 
tion, it may not sink below the intended level. 

5, In all embankments or excavations of Bog- 
Soil, the side slopes should not have less Uian 
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r iwo feet base to one foot in height. Emhonk- 
jneHls should be built in rcgulai" coiirses wilii 
bcrms or off-sete each one foot wide on the field 



side of the fences. In ( 
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every instance ( 
eicayation through Bog, Bide drains should be 
cut, parallel to the Boad and to a permanent 
depdi of four feet under the level of its surface. 
6. When cuttings or fillings ate o{ &oh c\sj 
or earth, they should have side slopes of one to 
one-and-a-half; and when of stiff clay or earth, 
one to one — that is, one foot in perpendicular 

Iicight to one-and-a-half base in the former case ; 

and one foot in perpendicular height to one foot 

base in the latter. 

7. But if catting should occur iu very stiff 
hard day or earth, Uie side slopes may vai-y 
between one to one and three to one. 

8. When the line of Moad passes over soft 
bog soil, not exceeding one foot in depth, the 
bog stuff shall be dug off, and sound filling sub- 
stituted therefor. But if the bog be of greater 
depth, the surface is to be rendered equal to the 
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support of the road materiale, by einking deep 
and wide drains on each side with proper out- 
lets, to allow the water to run away freely to s 
level of four feet under the road and covering 
over the bog sloughs with the firmest tujf, dried 
peat heath or brush-wood laid evenly and reftt- 
larly so as to break j oint. The boggy surface a 
then to be covered with a soleing of clay or 
earthy gravel, to the deptli of at least 10 mchei, 
and this allowed some time to settle and consoli- 
date, when unbroken stones six inches in depth 
ehoiUd be laid as a rough pavement before tb 
application of gravel or broken stone. 

9. "When the Boad passes over springy 
ground or spouty clays, cross drains are to be 
cut from the springs and Bloughs into the grips 
one foot square and filled with small stones; 
if necessary, holes or pits should be sunk and 
filled with broken stones, so as to form a tap for 
the water. 

10. "When the Boad is to he made on ihe 
side of steep sloping hills on which an embank- 
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Bent, having any of the side slopes hflfore me?i- 
turned, would not rest, it will be nccesBary to cut 
the entire width of the Eoad out of the hill or to 
cat a part of the width out of the hill, and sup- 
port the embanked portion by a retaining and 
guard wall. 

II. The base of the embankments sha\A6L he 
protected from floods by proper stone fences 
where necessary. 

13. Depots for broken stones should be 
fermed within 200 yards of each other along the 
line of the Road ; the Depots to be semi-elliptical 
Iiaving the transverse diameter 24 feet long in 
tiie line of the fence ; the aeroi-congugate to be 
8 feet. They are in every instance to have a 
£Jl towards the road of 1 to 8. 

DRAINS GRIPS AND FENCES. 

1. Drains for conveying running water, 
should have side walls of dry masonry 14 inches 
thick, paved on bottom if necessary ; the openings 
not to be less than 18 inches square well seemed 
«t the ends by large stones. The covering flags 
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fihould be at least oue foot under the sole of th^ 
road and from four to five incIieH thick. 

2. , Wliere a road is cut on the side of a MI], 
drains should be sunk 30 inches deep ou tlia 
Eides, below the intended surface of the caxriage- ' 
way and filled with broken stones — these draiiu 
should be 6 inches wide at bottom and about 12 
inches wide at top : proper cross drains should 
he formed from them to the nearest low ground i 
or outfall. 

3. Fences should be made on both sides of 
the Road for its entire length except whera 
excavations exceeding 3 J feet deep occur ; they 
should be built with earth, faced with sods or 
^tone, 5 to 6 feet thick at bottom, 3^ feet higlt 
and the top set -with a double row of Engliell 
furze seed. Pipes or openings should he made 
through the Fences at every 50 yards to petinit 
the water to escape from the surface of the road 
into the side drains or grips. 

4. Grips should be made on both sides of 
the road, at the field side of the Fences, for 
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its entire length except where broken stone or 
wrered drains are made in excavations under 
water-tables, or where the roadway is 
embanked two feet high or more above the 
adjoining land ; they should be three feet deep 
below the roadway formed to nm dry and not 
hold stagnant water; and should be 18 inches 
wide at bottom, the sides sloped as in other 
excavations. 

5. In made ground, where the outside is two 
feet or more under the Road, no side drain will 
be required ; but a fence of 3J feet high will 
still be necessary over the level of the Road. 

6. In steep sloping grauiid there should be a 
catch-water drain, formed above the Eoad, and 
in bogs and wet swamps, parallel or counter 
drains sunk to the depth above mentioned, and 
at a parallel distance of 30 to 50 feet from 
the fence. 

7. No more water should be led to any gullet 
or cross drain than can be conveyed safely 
through. The bog-drains should be scoured 
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and deepened repeatedly until they attt 
permanently the intended dimensions. 

8. Where the water is not freely discha 
by the side drains, tail di'ains must be cut to H 
neai-est rivulet or other proper out fall. 

BETAraiNG AND PARAPET WALLS. 

1. The external face of the Eetaining Wa 
should have a curved batter of 3 inches to B 
foot in height, and the back may be par 
thereto. The thickness shall be SJ feet wbi 
the height is less than 10 feet, and in all ofl^ 
cases the thickness shall be one-fourth t 
height. Retaining walls not exceeding 2 i 
in height, may be formed of soda of 1 
inches in thickness ; where they exceed that 
height they are to be of dry masonry well 
bedded and bonded and joints carefully broken. 
The inside face of the wall to be made with 
projecting stones, the beds to be perpendicular 
to the curve and the foundation cut into steps. 
An offset of 8 inches should be left at front oJ,_ 
the footing course. 
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2. Where such walls are formed along waicr- 
BiffseB, the foundations should be at leart twelve 
below the bottom, and paved along the 
fcr a breadth of 18 inches. 

3. 'llie stuff to be filled in behind should 
lie firmly rammed and consolidated before 
grayel or other road materials be applied. 

4. All parapet walia should be 20 inches 
ibiak and 3^ feet high, built of lime mortar 
masonry in regular 14 inch courses. The top 
worse or coping should be semicircular, having 
thorough bonds at every three feet, and not to 

I have metre than two stones in any instance in 
the breadth — the circular form may be given 
the stones with the mason's hammer. 

QEAVZLLING. 

1, The upper crust of the Road should be 
made with gravel or broken stonesj and not to be 
applied until the forming is quite consolidated 
and completed. 

2. "Where gravel is used for metalling it 
should be of a clean description, free from loam « 
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or fine sand, and of such size as will pass throi 
a ring of one inch diameter. 

3. Where broken stones are used ; 
should be of such size as mny pass throuf 
ring of IJ inch diameter, and of thebest desoj 
tion to be had Tvithin three miles of the p 
■where applied. 

4. The road materials should be spr^ 
evenly in two layers to a depth of eight iadi 
in the centre and four inches on the sides. 

5. Slate Clay, or other soft stone shotdd 4 
be used ; no clay or earth should be mixed H 
the materials by way of blending. 



General Directions for Repairing Moods. 
\, Where the depth of the materials of i I 
Boad exceeds eight inches in the centre and 
four on the eidea, no new metalling will be 
necessary for its repairs ; in this instance it will 
be sufficient to pick up the projecting stones os 
.,Vg11 as all irregularities of surface, and 1 
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lliem broken and spread ^ain, and the wkole 
raked over so as to form a smooth, even and 
lar surface. 
All Eudden checks and cross Tvavinga 
should by cutting and filling be brought to uni- 
form inclinations, and when the Formation of 
tlie Koadway ia ao finished, the centre should be 
iigher than the sides, so as throughout the 
satire length to have a regular iaU for the rain 
water, not less than one, nor more than two 
inches in the yard irom the centre to the sides, 
where Water Tables should be made to convey 
the EUT&ce water into the Dykes or Grips and 
from which again outlets must be made bo that 
the Grips may run dry. 

3. Where the sides of the road must be cut, 
to give the surface the reqiiired convexity, or to 
Ibrm Water Tables, their edges should be per- 
fectly straight or uniformly curved, according as 
the direction of the road may be either straight 
or curved. The sides of the Water Tables 
fihould not fail suddenly like a Trench, but 
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might have a unifonn fall to its extreme 
rather steeper than the cross-fall of the roi 
and gradually sloping into it. 

4. Sufficient covered Drains and Sewen 
should be made in all places where necessary tt 
discharge stagnant waters, and the road throu^ 
out its entire length perfectly drained before the 
application of metalling. Open surface dmiiffl 
or paved channels across the roadway ought Art 
in any instance be adopted. 

5. The full breadth of the Roadway betwWn 
the fencea should be repaired, 

6. The materials for repairs should be vS 
hard screened Gravel or Broken Stone, free from 
sand or earth, and of such size as will freely pass 
through a ring of one and one half inches 
diameter. No larger sized stone than this should 
be used, and as far as practicable let all be of au 
equal size. They should be perfectly free from 
sand, mud, earth, clay, slate or friable substance. 
The materials ought to be of equal hai-dness, ITiey 
Bhould be perfectly free from saud, mud, eaidt, 
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tk^i slate or friable substance. The materials 
to be of a, bard description, and sbould be 

ippiied but partially during dry seasons — ^moist 
weather will be found beat for extensive lepaire. 
In spreading the Materials, the stones should be 
laid on in sheets one stone in thickness as closely 
M possible, and to within two feet of the Water 
Tables on each side, not allowing any to be 
scattered, having the sides perfectly straight 
where the road is direct, and gently carved 
where it bends. The surface of the roadway 

H^ be perfectly cleaned irom mud or dust 
fc the metalling is applied. Gravel or 
Een stones smaller than what may pass 
through a half inch ring should not be allowed. 

7. The surface of the road should be partially 
loosened with a pickaxe around the edges of 
Ireshly applied metalling, which will have the 
effect of readily uniting the new with the old 
surface. 

8. It should be required to clear, open and 
nfnr aU Sewers and Gullets upon the road, as 
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well aa to make new Drains for tapping springi 
or other lodgments of water affecting; the road. 

9. The overseer should not allow nulsancta 
of any kind, on any part of the road-way, such aa 
heaps of dung, clay, stones, &c. or pigs, or dig- 
ging the dyhes or Water Tables, or encroach- 
ments of private roads, homes, fences, &c. or 
heaping or hreafeing stones on the travellable 
surface or nuisancea of any sort whatever. 

10, The overseer should also keep all sewers 
and gullets repaired, clear and open ; the surfiwe 
of the road and foot-ways (if any) at all times in 
thorough repair ; .and all walls, fences and othel 
works in proper order. 
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The excellence of a road is generally estimated 
by the gentleness of its planes of inclination, and 
the inclination of a plane is usually expressed in 
aliquot parts of its base — for instance, if a plane 
should rise or fall one foot measured perpen- 
dicularly, at the end of Thirty feet measured 
torizontally, the rate of inclination is sidd to be 
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L in 30 — and again, if a plane should riso or fall 
one foot measured perpendicularly, at the cud 
of Fifty feet meaBured horizontally, the rate of 
inclination is said to be 1 in 50, and eo on. 

!I!lie following rates of inclinations correspond- 
ing with angles of elevation and depreeaion 
InTe been compiled from tables of Natural 
luigents. They may afiford facility in laying 
out planes of inclinatiou upon new roads, and 
upon improvements on old lines, A good six- 
inch theodolite is best adapted for tliis purpose — 
with it, angles of elevation or depression may be 
taken to every minute, which will be found 
Sufficiently accurate for making common reads. 
These tables shew the angles for all planes 
whether acchvities or declivities ranging between 
1 in 3438 and 1 in SJ and by a simple inspection 
of them without any calculation, the angle of 
inclination on ascending and descending planes 
piay be found if the rate of inclination is known, 
imd vice versa. 
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In the foregoing Tables die top ia maiked 
In degrees from 0° to 6° and the two margmal 
Bidecolumns in minutes from 0' to 59'. Under tie 
degrees are columns marked on top " 1 foot in" 
■which contain the lengths of base lines corres- 
ponding with one foot rise for each angle of in- 
clination. The use of the tables may be illustrated 
by two examples — viz. If the obsei-ved angle of 
inclination be 1 degree and 20 minutes, then in 
the column under 1 degree and opposite to 80 
minutes on the side is 43 shoiving the inclination 
to be 1 in 43. If the rate of inclination be given, 
say 1 in 33 to ascertain the angle corresponding 
thereto, then by examining the column headed 
"1 foot in" we find S3 under 1 degree and 
opposite to 44 minutes, shewuig that the angle 
1 degree 44 minutes corresponds with 1 in 33 
rate of inclination. 

The tables embrace all planes of inclination 
between I in 8 and 1 in 3438 which will 
be found sufficiently extensive for practical 
purposes. 
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Of the many thinga to be attended to for the 
effectual preservation of the public roads there 
18 none more necessary than Drainage. This 
important process divides itself into two sorts, 
st^oU-draining and surface-draining. 

By the one the water that filters through the 
the ground being cut off is prevented from 
mixing with the subsoil of the roadway for a 
certain depth below the crust of surface metal- 
ling. By the other the water that falls on the 
surface of the covering crust is conveyed away 
into a sufficient discharging channel. 

The first or subsoil drainage makes the ground 
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tenacious and firm. It is effected chiefly 
sinking dykes along both sides of the roadway 
to a depth of about three feet below it, with 
bottom having a gentle fall and issuing into the 
most convenient natural channel such as a stream 
or river. When such dykes or drains ai-e open 
they shoidd invariably be made on \hejield side 
of the road fence, but if covered they may be 
made on the road side : in either case ttey 
should be made as close to the road fences ita 
possible and to ensure permanency the sides 
should have a sufficient slope varying according 
to the tenacity of tlie soil. When open sida 
drains are made through cultivated firm land, a 
breadth of five feet at top, sloping on both sidea 
to eighteen inches at bottom will be found 
sufficient. But the dimensions must be entirely 
regulated by the nature of the soil to be drained 
and the quantity of water to be discharged, 
The dimensions stated will however be found 
sufficient under most circumstances. 

The second or surface ilrainage is effected by 
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forming the road crust into a convex figure, 
ha^dng the middle slightly elevated above the 
iides, which latter from their receiving the 
Borfece water are ueually called viater-tablea. 
The water flows along them to openinga made 
under the road-fences at convenient intervals 
and is discharged into the deep subsoil drains or 
grips alluded to. — Water-tables should inva- 
riably be paved when their declivity is steeper 
tian one in Thirty. 

"in wet springy ground it often becomes 
neceseary to make transverse drains across the 
roadway to relieve the subsoil from the water 
with which it is surcharged ; but such drains 
must be either covered with thick flagging or 
filled with stone. 

Effectual drainage is of the first importance 
for road making and for maintaining a road-way 
in proper condition. It is impossible to preserve 
the surface of a road without a thorough 
draining : because when the subsoil is moist or 
saturated with water, the particles of which it is 
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composed ai'e easily moved ajnong each 
lose all tenacity and become quite incapa 
suBtainiiig the road crust ■which is pri 
through hy the slightest weight. 

Some variety of opinion has occasioi 
existed even amongst the most eminent 
Engineers as to the best mode of securing a 
crust of nictaUing, but ah c< 
that without effectual draiuage no effort 
expense will avail towards obtaining a ^od 
roadway. Whatever be the quantity of broken 
stone metalling spread upon an undrained road 
instead of being agglutinated and formed ioto 
one consistent crust it will continually Eink 
through the wet foundation or subsoil wUch 
will soon work up through the stones, filling all 
the interstices between them. The earth and 
stones being thus mixed, the stones are easily 
worked amongst one another, and what with a 
little pressure from the supcriucimibent load of 
cars and carriages and a httle moist weather, the 
entire soon becomes one mass of mud, or else^ 
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Bonverted into clouds of dust as the season may be. 
The mere sinking of side grips and elevating 
the centre part of a road will not always be 
sufficient for a proper drainage. The space 
between the grips forming the bottom of the 
loadway is frequently so saturated with water, 
n to require a considerable length of drains 
ta draw it off, and such drains require par- 
ticular care in their formation and covering. 
Having to sustain the road crust with the weight 
of the over-passing vehicles. 

ITiere are many species of covered drains of 
which the principal for the purpose of road 
drainage ai'e, broken stone drains, flagged drains, 
barrel and tile drains, and bog drains. 

The three first, if they be only well executed, 
are fiJly equal to any pressure from above that 
a reasonable amount of traffic may reqtdre ; but 
bog drains are unsuited to any road purpose 
save and except that of lateral drainage. 

Broken stone drains are recommended not 
only by their durability, but furthermore on the 
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ground of economy they are preferable 
other description of covered sewer for dri 
the suhstrata of roads, inasmuch as the 
materials can be had at the cheapest ratSi 
the greatest facility and in the greatest abunc 
in every locality. 

Fig. 4 on the annexed plates represents A* 
cross section of a broken stone drain. The dram 
should be sunk to a depth of thirty inches below 
the surface of the road with a perpendicalat 
altitude of twelve inches, a breadth of thirteen 
inches at top narrowing regularly to thre« al 
bottom, a longitudinal current or faU of one inch 
in twenty feet and an interval of eighteea inchet 
between its uppermost broken stones and Ae 
metalling of the road-way. It would be the 
best plan to fill up this space of eighteen inches 
betwixt the drain and the crust of the road iriili 
stone, if convenient ; otherwise let it be well 
packed with the material cast up in excavating 
the drain. The broken stone forming the dtniii 
should be of a size not more than three inche* 
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^Htos ftod, as already observed, it should be 
^H|( with them to a height of twelve inches. 
r Bie dimensious here stated will be generally 
I (mod suffictent, yet much must be left to the 
I jodgment of the overseer who will often find it 
I necessary to vary the dimensions according to 
r circumsUncGs. Broken stone drains of the 
dimen^ona epecified can be executed in most 
parts of Ireland for sis-pence the statute perch 
af X6J feet, includiug all expeuaea except pro- 
curing the stone, which must vary with their 
convenience. Such drains it is ascertained work 
for years without being choked or needing 
repiuj. The broken stones bearing upon one 
another form a perfect support for the roadway 
and at the same time leave sufficient openings 
between their angular projections to allow tho 
drainage water to flow off. They also suffice for 
carrjTDg off all other waters unless a stream, 
or some considerable quantity has to be dis- 
charged, for which purpose flagged sewers must 
be constructed, . , i 
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Flagged sewers intended to dischatgc 
accumulated waters of the road grips and 
drains, are placed at the lowest practicable lei 
Instead of cemented mason-wort, let the 
be built with dry walling,which as being chi 
deser\'es the preference on a principle of i 
and also because the open interstices afibn 
effectual dj'.iinage without injuring the stal 
of the work. The dimensions of these 
must within certain limits be determined by the 
quantity of water it may be requii-ed to discharge. 
They ought to be at least eight inches wide bv 
twelve deep, the covering stones not less than 
four inches thick with a bearing of four inches 
on each side wall and at least twelve inches 
below the road-nictalling. The side walls and 
covering stones may be of rubble stone ortongli 
flag stones, and it is all the better if the joinW 
of the covering flags be counter flagged to pre- 
vent the bearing soil from washing through or 
working into the sewers. Should it be required 
to carry off a large quantity of water or shoi 
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tie slope of the drain be abrupt the bottom must 
be protected from the effects of erosion by a 
flagging or rough pavement. When the inclina- 
tion of the drain is more than one foot in twenty 
let the bottom be flagged and formed into steps 
each at most sis inches high which wtU check 
the flow of the current and prevent it from 
acquiring an injuriously accelerated velocity. 
The flags will be firmer in their places and the 
whole work more permanent if they tail under 
the side walls. Drains of this description, not 
paved or flagged at hottomj and in the vicinity 
of quarries of building stone, may he executed 
fi)r nine pence the lineal or running perch: 
twelve pence will be an adequate price widi 
paved or roughly flagged bottoms. 

The following tabic exhibits at one view the 
different velocities at which currents of water 
have a distui'bing force sufficient to dislodge and 
carry away different substances over which they 
pass in their comse. 
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VBloeltT of WMcr Bottom on wUcli 

per MCODd. It mIb. 

3 Mad begins to jield. 

6 CIbj carried off. 

1 Sand carried otT. 

2 Gravel carried away, 

3 Pebbles disturbed. 

i Large Pebbles carried away. 

5 Boldcts and Sciistus R«clt torn up. 

Besides the covered drains described, miire 
drains are used on steep acclivities and in deep 
cuttings, not differing from the others in mode 
of construction, but resembling the letter V in 
their longitudinal direction, the angular point 
being in the centre of the road and pointing in 
the direction of the ascent. ! The acuteness of the 
angle of meeting of the sides must depend upon 
the fall in the roadway ; the steeper that fall the 
wider the angle should be, by which means the 
slope of the bottom of the drain will be reduced. 

To preserve the bottom from the injurious 
action of the running water, it shoidd not bo 
steeper than one in one hundred, or about one 
inch fall for three yards in length. Mitre-draiaa.- 
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may be coiistiucted entirely of broken atones, as 
before described, ox tbcy may b(J covered sewers 
according to tbe quantity of water to be dis- 
cbarged through theiu ; but as tbeir chief use 
eonsista in relieving the subsoil of the roadway 
from excessive moisture, the broken stone will 
in moBt cases answer best. 

Such drains placed at distances of fifly or 
sixty ^feet fiom one another, will render tbe 
drainage complete, it being always supposed aa 
a condition essentially necessary that they have 
a free discbarge into tbe main drains- 
Barrel and Tile drains are made with tubes of 
baked earth from two to three feet long, where 
Bucb materials can be conveniently procured as 
a substitute for tbe broken stones or flags. But 
not possessing any decided advantages over the 
other species of drains and being witbal 'more 
expensive, it is seldom that Barrel and tile di^aina 
are used by road makers. Fig. 5 represents this 
EOrt of drain. 

Bog drains, from the softness of the soil 
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through which, they are made, requii-e some es 
in their construction. If hiid down and fom 
with judgment equal to the facility of their o 
Etruction, they ■would prove permanent e 
for lateral drainage and by no means liable to 3 
disturbance which the softneas of the soil n 
lead one to apprehend. Bog drains should 1 
made deeper than drains through other soils d 
account of the fibrous composition of bogs, w 
causes moisture to be attracted to their s' 
from greater depths than in other soils, 
fibres are capillary tubes the attraction of w 
holds water at a considerable height above ^ 
adjoining drains. 

Open drains require to be frequently wideii 
and deepened before they acquii-e a 
dimensions. Very soon after sbiking them the 
sides will collapse and the bottom swell upwar 
nor is it possible to counteract this tendencyfl 
change of form and dimension any othernj 
than by repeated sinking and widenmg. 

Covered Bog drains on the contrary if jiy 
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ciously executed will be found more permanent. 
Of necessity they must be small in dimension 
and therefore unsuited for main drains ; yet they 
answer well for draining the space or ground 
immediately beyond the roadway and lying close 
by the Grips or open side drains into which the 
covered drains diachai-ge. They should be made 
inparrallel directions one to theothcr,aDd at dis- 
tances of fifty feet or less according to the wetness 
of the ground. Fig. ti is a cross section of this 
sort of di-ain in which the lower part a, b, c, d, 
represents the permanent opening or channel for 
receiving and discharging the water, about three 
inches wide at bottom and seven inches at top. 
The larger space marked e, f, g, h, is first exca- 
vated eighteen inches in breadth and two feet in 
depth, and the top or surface-sod for a thickness 
of six inches carefully paired off is laid by; for it 
is afterwards to be used as a covering for the per- 
manent drain, upon the shoulders of which it is 
to be placed with the grass side down. The 
drain being formed and covered, the space over 
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the covering sod is then filled in with the matt 
procured in the excavation. 

Drains of this description can be made 
two pence the lineal perch and never 
been found to break down or choke. 
are but little used in road work but 
extensively in the reclaiming of Bogs, 
a road passes over a bog soil and it is det 
necessary to drain the ground at each side of 
the road to any extent these drains ■will be of 
great use. 

The systems of drainage adapted to land 
reclaimation ai'e in general ap])licable in respect 
to road draining alao except only that more solid 
drains are requisite in the latter case. 

In excavating the sites of walled drains, then 
will commonly be no need of widening the exca- 
vation beyond the intended ope and side Unlnge. 
Covered sewers ■with opes or water-wap of 
from eight to eighteen inches square reqoits 
covering flags four inches thick : those having 
opes greater than eighteen inches and under two 
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feet require covering flags five inches thick and 
those with an ope measuring between two feet 
and thirty inches must have covering flags sis 
inches thick. A width of from two feet to thirty 
inches may he stated as in general the maximum 
width of drains. If asingle ope of larger dimen- 
sions should he deemed necessary, arching is 
prefer ahle to flagged gullets. 

When a spring appears in the Burfaco of a 
road, the common mode of tapping it is to cut a 
surface drain a few inches deep from the spring 
to the adjacent water-table or side drain, and fill 
this cut with small stones. But the insufficiency 
of this remedy will soon be manifested upon the 
consolidation of the stones, for then the spring 
will again make its appearance ; and though it 
may be stanched by repeating the remedy, it will 
reappear again and again in the same place, or, 
which comes to the same thing, it will make a 
vent elsewhere. After much and ineffectual 
trouble the road-experimenter will be convinced 
of die inadequacy of every attempt ehort of 
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upon examination it appeared that knper&ct 
drainage more than anything else was the came 
of its inveterate badness. It lay along a valley 
and 'n'as commanded on the upper side by an 
extensive ilope of wet springy land which com- 
pletely saturated the substratum through which 
the crust of materials hud on were sure to sink 
almost as soon as they were applied. The cause 
of the defect being obvious, we had an open 
wide drain sunk upon the hill side parallel with 
the road and three feet below its surface, 
together with a second one below the road but 
of smaller dimensions. These drains received 
all the waters that could act with injurious effect 
as well those on the surface of the high lands 
commanding the road as also those of the subsoil 
which were discharged by cutting open flw 
veins of the lower strata previously choked up 
to a depth of three feet. From the bottom of 
these drains others eighteen inches square filled 
with broken stones wej-e made across the road- 
way at every fifty feet, ajid a free diechargo w»fl 
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provided irora the main drain into a natural 

stream running close below the road. The surface 
was dicn coated over with two layers each three 
inches thick of broken stones, every stone of a 
size to pass through an inch and half ring ; and 
although the intercourse upon this road has been 
much increased, jet so effectual was the drainage 
and, owing to the drainage, the repair also, that 
the surface is since maintained in excellent con- 
dition at a reduced rate per annum. 

In a thousand different instances occurring in 
the course of oui' professional engagements the 
foregoing plan was adopted and invariably found 
to be attended with the like result. 

Figs. 7 and 8 on the annexed plate are cross 
Gections of the road alluded to in the preceding 
observations, Figure 7 representing it before 
and Figure 8 after drainage. 

Sw/ace Uruma^eof roads becomes our next 
subject of consideration. Koads are generally of 
» convex figure on their cross section with the 
view of faciUtating the surface drainage : a con- 
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cave figure has also hadits advocates as one well 
adapted to the purpose of drainage ; and others 
again would be for dividing the surface into two 
parallel convex carriage ways with a depressed 
channel in the middle to carry off the water. 
With this diversity of opinion each contei 
for it that his peculiar plan is the best for the 
effectual discharge of the surface waters ; and in 
their zeal for their respective opinions they 
many of them forget that no lateral fall safe fctt 
carriages couldof itself, at least in ordinary cases 
drain ofi" a roadway partially covered with mud. 
The wheel-tracks made in a surface even par- 
tially coated with mud will in great meaaure 
neutralize the advantage of a cross-&IL On 
this account gentle longitudinal inclinations 
have been recommended, but notwithstanding, 
an irregularity, how trifling soever it may be, or 
ever so amad a quantity of dirt on the road will 
obstruct the free discharge of the water. The 
action of the sun and wind serves more to reUeve 
a road from surface water than any artificial coiUj 






nOAD SRAINAGI^. 137 

tdrauce and, therefore, high buildings, trees, 
and eveiy thing that impedes the action of the 
wind or keeps off the sun are injurious to a road. 
Some pereonB witihing to subject roada to a 
cleansing process vould have them periodically 
^oeded ia oidet to wash away all extraneous 
mtt&r. This is liable to objection for more 
reasona than the general impracticahihty of the 
procesB. What can be accomplished in the way 
of Biur&ce-drainage by the convex form of the 
Sad 13 but of small account : indeed it can do 
litde else than prevent the loads becoming a 
basin of still water. 

Stone drain holes should be made in size about 
8 inches square under the side fences and about 
two inches under the level of the water tables 
fcom whence there will be a free discharge into 
the grips. These drain-holes should not be 
farther apart than 100 feet, and where the 
longitudinal inclination of the road is sudden 
they should be at smaller distances. 

ia necessary now and then to turn off the 
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water from the water-tables that the accelerated 
motion acquired by the fall may not cut up the 
surface of the water-tables. Where the eurlace 
water cannot be discharged from the water 
tables at short intervals, as for instance where a 
road is formed through deep excavations, U will 
be nece6sary to pave the water-tables so as to 
render them proof against the erosive action rf 
the current. 

The simplest sort of drain for dischargmg 
surface water is that made with four flag-stones 
four -inch-thick one on each side and one at top 
and bottom forming an ope of eight inches square 
or thereabout. When there is a footway between I 
the water-table and the grip the drain must be I 
contiuued under the footway, and the outer or 
curb-stone of the path perforated by a square or 
round hole large caough to let ofi" the water into 
the drain. 
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Chapter V. 



Stomb is the material used in maHng and 
repairing the surface or upper crust of ordinary 
roads. In Holland hard burnt bricks are largely 
used as a substitute for stone. In London wood 
is extensively employed for the repairs of the 
principal streets, but is too expensive for ordin- 
ary roads ever to supersede the use of stone. 
Iron and wood combined are the most approved 
materials now used in forming the upper worts 
of Railways, but as the observations following 
confine themselves to the exclusive province of 
treating of common roads, they will refer to the 
difierent Borta of stone adapted to the formation 
and repaii^s of such roads only. 
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An accurate kaowledgc of the physical and 
chemical properties of different sorts of stoae 
materials would be of very great importance for 
making and surface repairs. The resistance 
■which material offers to friction and shocks, the 
changes which it undergoes from exposure to 
the weather, its capabiHty of absorbing water, 
its toughness and the time and labor requiredin 
breaking it for road covering — these are the 
most essential coasiderationa in dctcrmimng the 
suitableness of stone for repairing roads and i 
knowledge of them would manifestly be of the 
utmost utility. A hard material will best resist 
the shocks and attrition caused by heavy loads. 
Close grained heavy stone will absorb least watw 
whence it is the beat for resisting the action of 
frost. It is a property of frost familiar to nufft 
persons that it expands the bulk of water and by 
this expansion of the frozen water it is able to 
burst stone into small fragments, which being 
subjected to the action of moisture after frost are 
converted into a mass of mud and sand. 
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For obviating this tendency of a road to go to 
nun in time of frost heavy stone of a close 
texture will be found the best adapted as having 
the smallest capacity of absorbing water.- 

The stones commonly used for road making 
and road repairs may be arranged in three classes. 

1st. Siliceons of which ailex or sand forms 
tlie principal part. 

2nd. Argillaceous of which argil or earth 
ibrms the chief part. 

3rd. Caicareotis of which lime ia the base. 

SILICEODS STONES. 

Under this head may be classed the several 
Tarietiea of Gramte, Gneiss, Sienite, Red and 
Grey Sand Stone, Free Stone, and Buhr or Mill- 
stone. 

The species of stone belonging to this class 
are suited for road metalling in different degrees. 
Granite, Gneiss, and Sienite, which exhibit a 
striking similarity in appearance and physical 
properties, may be said to differ in littie else 
than their constituent elements. The fiacture 
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of Granite pieBents a homogeneous and compact 
appearance, whilBt in Gneiss the particles are 
distributed in layers giving the alone a lamii 
texture. From the Uabilitj to split in the 
direction of the laminEe, Gneiss is not so well ■ 
suited to the formation of a surface crurt 
intended for heavy loads and considerable inter- 
course. However the excellence of this material 
in other respects is such that it should not be 
readily objected to, particularly as the lamina 
are united by a strong natural cement. 

Granite appears to have been the name gener- 
ally appHed by antiquarians to every gramJar 
stone used in architecture and statuary ; nor it 
was not until very lately that it was distinguished 
as a particular species of mountain rock. Granite 
is composed of granes or concretions of felspu 
quartz and mica intimately joined but mthcmt 
any basis or ground. These parts vary in quaa- 
tity, so that sometimes one predominates, eune- 
times another, and often two of them, felspiT 
IB generally the predominating as mica is flie 
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tast ccmsidenible ingredient of the rock. 
varietiea the quartz is wanting, in others 
; and such varietiee are disdnguiehed 
appropriated names. These minute distinc* 
>taoDB and suh-divisions however are unneceBsary 
inasmuch as they serve only to mark varieties of 
the same species. The mica sometimes dccom- 
j)o§e8 by exposure to the atmosphere and the 
felspar is occasionally found of an earthy nature. 
Both these descriptions of stone will be found 
inferior as a road material. Granite having its 
constituent parts chrystallized affords the best 
road metalling. Quartz to the eye is transparent 
and of a gUetening white colour. Felspar 
varying in colour is whitish or reddish, is less 
transparent than quartz and puts on a dull white 
appearance when exposed to the action of the 
weather. Mica is found in scales of a glistening 
dark hue when imbedded in the stone, but when 
detachednearly as transparent as glass for which 
it is often used as a substitute. The best quality 
of stone will be that in which the component 
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particles are finest and most uniformly ( 
buted. If the quartz be distribiited in j 
groins the stone will be brittle, 

SIENITE. 

Sienite is a granite in wliicb the mic9 
generally replaced by hornblende, some vai 
however also containing mica. Werner a 
is a granular aggregated rock composed of J 
Bpar and hornblende with occasional seal 
mica and grains of quartz. It is named ■ 
i^eno in Upper Egypt, where the andi 
quarried it in blocks of great magnitude; ami 
Bpecimens of sculpture executed in Uiis stone j 
over 3000 years ago and exposed ever since to 
the action of the atmosphere remain to this day 
and attest the great durabihty of the material 
The particles of hornblende of which sienite is 
diieily composed, are easily distinguished by 
the greenish shade which the stone assumes when 
moistened. It forms an excellent road material 

SAND STONES. 

Sand SUme aa well as Free Stone u composed 
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laceoos or 
t>cciirs in die form of c 
The grains in the nad t 
ijnartz witli ocaaaxxaA "'*■"■"■■■■' of fcl q m, 
ffinty alate and sealea of nan ; llie roaa&k and 
angular masses in the CM^amente «ad dte 
Ireccia are fret^oently of qnaita, or gr ani te, 
gn^ss, mica elate, day dtte, tien^, qnnti 
TDck, &c. The bans ot groond is geoerally a 
femi^ous clay, or it is composed of staaller 
particles of quartz or fefcpar as is often the case 
m the conglomerates and breccias. The basis 
ia sometimes highly impregnated vith silica, 
and then it is a Tery hard and excellent road 
material. 

Some compact varieties of indurated sand 
stone are composed chiefly of pure sBex and 
make good road metalling ; but when other 
substances arc mixed in large proportions with 
the particles of silex, the stone acquires a loose 
and porous texture, imbibes a large quantity of 
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water, diaintegratcs by the action of frost, ant 
once reduced to a state of disintegratioii 
bles into dnst under the pressure of the lightest 
load. 

Sand Stones in general are dry and brittle, ire 
easily broken, and under the wheels of loaded 
carriages eitc soon conyerted into a sandy powder, 
Flint pebbles freed from earthy matter and 
broken into angular pieces make excellenl 
metalling. A soft description of flints is occa- 
sionally to be found which should not be used 
on roads where much intercourse is carried on. 

Biihr or Slill Stone from its hardness woiild 
prove a good material for a lower stratum of 
metalling, but is not so well suited for surface 
repairs of roads. 

" Extensive formations of Siliceous rocks are to 
be found overspreading every known country of 
the world. Granite and Sienite abound in these 
countries in the Grampian lulls, Aberdeen, 
Inverness, Cumberland, Cornwall, Wicklow, 
CarloWj Galway, and Douegai. They have been 
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discovered in every latitude from the Polar 
regions of Europe to the Mediterranean Sea, in 
Finland, ia the Hartz, in Saxony, in the Alps of 
Switzerland, in Austria, in the Carpathean 
tnoimtains, in the mountaios of Auvergne and in 
the Pyrenees. Asia, Africa and America 
wherever explored are also known to contain 
tJiEin in large quantity, 

AKGILLACEOUS STONES. 

Under this head may be classed all Slate 
Shnes, T^-ap-roch consisting of Green Stone or 
Basalt, Graywacke and Graywacke Slate. Of 
these the green stone or Basalt is in general a 
good road material, but the others not so well 
adapted to the purpose. 

Greenstone or basalt though of an earthy 
basis IB very strong and hard, but from the 
oxidation of the iron which forms a large ingre- 
dient in its composition it is apt to break into 
scales and for this reason does not constitute so 
very good a road metal. In the natural bed it 
is often found bo hard as to make it impossible 
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to detach it from its place by any other meana 
than blasting, yet exposure to the joint action of 
air and water softens and disintegrates it into 
email particles. The varieties most perfectly 
Titrified are the best for road work — Lavas 
nearly resemble basalt, some of them decompose 
rapidly, whilst others resist the action of the 
atmosphere for centuries without undergoing 
any sensible change, 

Graywacke partakes more of the quality of 
sand stone being most part composed of the 
fragments of other minerals in a granular state 
united by an argillaceous cement. It consists 
chiefly of angular or other portions of quartz, 
felspar, and clay slate, united by a basis or 
ground of the nature of clay slate, wliich is often 
largely impregnated with silica and by this 
means gives the mass a considerable degree of 
hardness. The imbedded particles vary in size, 
seldom however exceeding a few inches in 
breadth and thickness. "When the imbedded 
portions are very small the rock assumes a slaty. 
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e and forms tlic Graywache slate. Either 
lety forms but an inferior road material. 
When the grains abnost entirely disappear 
irom this rock it comes under the denomination 
of day slate. Clay slate ia for the most part 
wry soft, in so much that the joint effect of the 
weather and vehicles will soon reduce it to a 
Bt«te of clammy puddle offering great resistance 
to draught. It is consequently un£t for road 
repairs, 

Grei/ioacke and Clay Slate abound in the 
British Isles, in Europe generally and in 
North and South America. It is to be found ia 
abundance in all the mountain ranges south of 
the rirth of Forth and is the principal formation 
to be met with in mountains of the South West 
of Cork, "Wexford, Louth, Armagh, Monaghan 
and Down. 



CAIXABEOUS S 

Qdcareous Stone, kno\vn more generally as 
Xjime Stone, is composed of lime, carbonic acid 
and water in small quantity combined with 
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metallic oxides." The general properries o* 
lime stone are so well known and so easiff 
distinguished as to need but little elucidation, 
with nitric acid it effervesces strongly, and by 
exposure to a red heat the carhonic acid md 
water are diiven off leaving that pure hme of 
commerce with which every person is acquainted. 

This species of stone is very common and 
presents numerous vaiieties, several of flieni 
remarkable for strength, hardness and dui'abilityj 
and others arc soft and liable to decay. They 
are classified under too general divisions, the 
gramdar and the compact. 

The Granular presents the appearance of an 
aggregation of grains some fine and others coarse ; 
the compact exhibits a uniform texture without 
any indication of grains, being quite earthy in 
appearance. 

The granulai' affords a good road material 
able to withstand the effects of wear and capable 

* Oxides ore combiDationa of melals with oxygen ; ruitia 
BD oxide of iroQ. 
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of bearing much work without yielding in any 

considerable degree to ite action. 

The Compact Lime Stone deserveB attention 

and is chie£y used as a biiilding stone. It 

furnishes a great variety of marbles bearing a 

liigh polish. 

Limestone generally having a great affinity 

I for water and imbibing it in large quantities is 

I soon converted into mud by the action of whcel- 

I cairiages. When it is saturated with water end 

then frozen the injurious consequences are at 

' once seen in the crumbling of the stone and 

general break up of the road surface caused by 

the expansion of the water. 

Ireland and England supply each variety of 
this stone in great abundance ; indeed, it con- 
stitutes fully one half the superficial extent of 
the former. Scotland Likewise supplies it in 
parts of Lanarkshire, Fifeshire, Dumirieshire, 
&c. On the Continent it is found in extensive 
ranges of mountains, stretching tlirough the 
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It forms a portion of Mount Jura, the Alps, the 
Appenines and tlie Pyrenees. It has also be«i 
fonnd in great ranges in Asia, Africa, and 

America. 

The upper beds of Lime-stone strata are 
generally much decomposed from the combined 
action of moisture and the atmosphere, for Tphich 
reason they arc not by any means a good road 
material. The earthy limestones are commonly 
bad and unless in cases of indispensable neces- 
sity should not be employed in making or 
repairing roads, their chief defect arising from 
the ready absorption of water which renders it 
quite easy for the wheels of vehicles to convert 
them into mud in an incredibly short space of 
time. Limestone however does not want useful 
properties and should not be lightly condemned 
as a road-material. In moist weather it agglu- 
tinates quickly under partial traffic, though other 
descriptions of stone will not in the same manner 
form a compost but will remain in detached 
lumps, considerably impeding the traction of 
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I m^ides and making on the whole but a rery 
■^ngreeable roadvay. 

B whatever general classes we may redace 
kTaiioas descriptions of stone, whether to 
1 or Argillaceous, or Calcareous, erea 
Bsified together will often be found to 
me very opposite quahties and may make 
either very good or very bad road metalling. 
Any directions therefore for tlic selection of 
proper stone must be at best of a general nature, 
leaving much to the judgment and care of the 
road maker. 

As a general remark it is worthy of observa- 
tion, that strength, hardness and elasticity are 
the qualities of stone moat required for road 
repairs, and that whatever material is found to 
possess any one of these qualities Is most com- 
monly found to possess the other two alongwith it, 
The external appearance of stone will not always 
be an accurate criterion whereby to estimate its 
quality or fitness for road metalling. If the 
texture be granulated, or chiystaline andcom- 
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pact and the specific gravity considerable, tte 
Btone will form a good road metal. But whether ' 
of granular or other texture, stone that will crack I 
or contains cavities should not be used such 
being always brittle, weak, and liable to rapid 
disintegration. Stones that wear smooth and 
acquire a polished surface by attrition are unfit 
for pavements. It is more difficult to aacerttun 
the durability of fresh quarried stone than of 
stone exposed for some time to the action of the 
weather. Hence it is that if wc would form an- 
accurate judgment in respect to the durability of 
stone we must look not to quarries but to the 
sea shore and rocky precipices where the effects 
of the weather are open to our obser^'ation. 

One of the most powerful agents in destroying 
stone is frost, of which the effects are most visi- 
ble in very porous stones and in those of a, slaty 
and fibrous texture, both of them readily absorb- 
ing large quantities of water. In the former 
frost causes a disintegration or exfoliation at the 
surface, in the latter it splits the block into- • 
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rlereral fragments. Stones that absorb much 
ifafer are manifestly unfit for road making. 
Statoiiry Marble has been found to absorb 
I flie 1,300th part of its weight in water. 
Siliceous Sand Stone the 276th part. 
CrMgleith Stone the 63rd part. 
Portland Stone the 16th pai't. 
The following Table gives the weight of a 
cubic foot of different kinds of stone in ounces, 
together with the weight in tbs, which crush 
cuhe» of one and a half inch, and will afford cor- 
rect means of estimating the fitness of different 
Inaterials for road repairs as respects the power 
of resisting compression, and that we need 
Scarcely add is always a most important con- 
sideration. 
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Chalk 

Brick of a pate red ooloiir 

Red Brick menu of two trials . 
Yellow face buked Hammersmith pa- 
Burnt ditto mean of two trials . 

Stourtirid|K or lire brick 

Whitby gritatoae ... 

Derby grit, a red friable saadatone . . 

Ditto from another [[unrrj' 

Killaly white free stone, not etiatafied. 

Portland stone 

Hlunbie gritstone 

Croi^leith, white freestone 

Yor^liire paving — -with the strata 

Ditto ditto — ogainat the stra 
White statuary marble, not veined 
Bnuniyfall sandstone, near Leeils, 

with strata 

IXtto, against the strata 

Cornish granite 

Dundee sanditoae or Brescia two 

kinds 

Crajgleilh with the ilrata (gritstone). . 
Devonshire red marhle variegated .. 

Compact limestone 

Penryn granite 

Peterhead granite, hard close grained. 
Block compact Limestone — Limerick. 

Purbec 

Block Brabaat martie 

Verj' hard freestone 

White Italian veined marble 

Aberdeen granite — blue kind 

Valentia Slate 

Dartmoor granite 

Heytor granite 

Herm granite, (near Onernsey) 
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' i« Bomparmg diffeteat systcma for maintaining 
foatU the cost of each must ibmi an important 
filement of calculation for the system which com- 
bines in the highest degree economy with con- 
venience is obviously entitled to a preference 
Irer every other. 

The comparative merits of tlie various systems 
f road repairs having been discussed in some of 
lie foregoing chapters, it is unnecessary to dwell 
t more length upon the subject, and we need 
uly remind the reader that the phin of repair 
rith broken stones or gravel is the one most 
jgUy recommended not only on the score of 
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economy but also because it is at once 
simplest and the easiest mode of repair. 
Burning this as tbe best mode, it only remains: 
this chapter to enter into tbe practical detailsi 
the necessary expense, 

Majiy circumstances affecting the cost of 
maintaining a road must enter into our calcula- 
tion, for instance, the amount and nature of! 
intercourse kept up, the q^uality and cost of; 
paring materials, the breadth of the H«ri 
carriage wheels, the climate, &c. — all 
stances far fiom unimportant, inasmuch as 
affect less or more the cost of maintenance. 

But of these circumstances the amomit 
intercourse is in every case the most important' 
Notwithstanding its paramount importance and 
the very decided influence it must have init- 
iating and governing the expense of maintainii^ 
roads, strange to say, no attempt has liitherto 
"been made to fix -with any precision the relation 
of the one to the other — nor does it require any 
thing more than the commonest obeervatioB to 



[?ENSE OF MAISTAININO R0AD9. 159 

ceive its importance; for if you want to 
imate the probable expense of maiulaining a 
fen road, what more easy than to see thai the 
st and most material clement of your calcula- 
in must be the amount of intercourse on the 
ven load. Nevertheless it is a fact tliat we 
e fiimished with no data whereby the ratio 
tich intercourse bears to the expense of main- 
nance has been accui-ately determined, though 
!may avail ourselves of some partial information 
it may aid u« in the solution of the question. 
If we except the comparatively few localities 
■ough which lines of railways have been pro- 
ted, public attention has been little, if at all, 
ectod to the amount of traffic on common 
vis ; and evqn where it has, the inquiry has 
jn conducted for another and far different 
rpose, and so the information acquired can 
turned to but little acooimt in the present 
,e without some further investigation. 
[n determining the ratio which the expense 
maintaining a road bears to the amouni 
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traffic upon it regard must he had to the ns^H 
of the traffic, that is, it must for instance be C^H 
sidcred whether it be passenger or mercaq^H 
traffic, -whether the rate of travelling be quicl^H 
slow, and so forth. ^M 

Calculations and returns were carefully p^^B 
pared of the ainount of intercourse on thepreM^^^ 
line of common road between Cork and Fas8lj^| 
(a distance of about 6 miles) in the year 1S3t^| 
when it was proposed to connect these pliMS I 
by Railway, From these calculations and I 
returns we can anive at some conclusions tbt I 
will assist in dcterminiug the probable ex|ieni^H 
of maintaining such roads. The intercofi^H 
between Cork and Passage is confined ahM^I 
exclusively to passengers, conveyed in light OM m 
horse carriages at a speed averaging seven mJlw I 
an hour. But upon other roads the vehiclee 1 
employed are heavier and the rate of speed I 
slower. A comparison fairly estimated between 
such a road and the Passage road, with its light 
vehicles and their rapid rate of going, was 
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nbnonsly a good meane of artiving at ibo trtitK 
laad of solving the problem of the wear of quick 
laa compared with slow moving vehicles. For 
I this end we procured retuiiis of the intercourse 
on the Red Straud road iu the western part of 
I Cork — the traffic upon which is of quite the 
j opposite character to that on Uie Cork and 
< Paasage road, being entirely confined to heavy 
loads of sea sand for agricultuial purposes, con- 
veyed in one horse carts at a speed averaging 
■i^ miles an hour. 

Both loads have been maintained in nearly a 
like state of repair by county presentment, and 
the expense of each has heeix ascertained from 
the county recorda. Here then ai'e clear data 
for instituting a. comparison between the expense 
of maintaining each and the intercourse thereon, 
and for comparing the effijcts of different species 
of traffic and different velocities. The vehicles 
used in both cases had but two wheels, the 
breadth of tier of the passenger cars being 2^ 
mcbes and of the sand cars Z^ inches. 



162 EXPENSE OF ^fAI•ITAISING ROADS, 

The present line of road between Cork and 
Passage is of the ordinary description, made over 
a dry and firm subsoil, The average daily 
intercourse has been asccrtEtined to be 250 
Tehicles carrying 1000 passengers, each vehicle 
drawn by one horse at a speed of about seven 
miles an hour. The gross tonnage may there- 
fore be estimated as under — viz. : 

250 horses each averaging 8 cwt 100 tons. 

2S0 light vehicles each averaging 4 cwt. 50 tons. . 
100 passengers each averaging 1^ cvrt. 75 tons- 
Gross Tonnage Daily, .... 225 
Do. Do. Yearly, . . 82,135 
The cost of maintenance for this road accord- 
ing to the fairest* returns firom the County Pre- 
sentment Books is £58 per mile per annumi 
and referring the above gross tonnage to to 

* From the peculiarity of tlie law respecting Counlj P* 
■entmenta which givea a preference to Ihc lowest bidde. 
the expense of moiataiiiing roads must be liable to sonw 
TBiiatioD, but the sum given in tbe above estimate may be 
telied upon ai affording the faireat criterion of expense. 
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gross expense there resulte an annual expendi- 
ture of £1 per mile fot 1,416 tons of traffic 
jBOTing at seven miles per hour. 

Xn the second ease or that of the heavy slow 
numng machinci on the Sed Stratid Road, 
wbadi is also of the ordinary description, the 
calculation following is borne out by the most 
accurate inquiry it was possible to make. 

The average daily intercourse may be fairly 
set down at 135 horses going to the strand empty 
and returning loaded, with one horse carta 
moving at 2^ miles an hour. The gross tonnage 
in this case may be estimated as under — viz. : 
Going to the Strand 135 horses each 

averaging 9 cwt 61 tons. 

Eetuming from . . 135 do, do, 61 tons- 
Going to the Strand 135 empty carts 

each averaging 7 cwt 47 tons. 

Returning from . . 135 loads includ- 
ing cart each 20 cwt. 135 tons 

Gross Tonnage Daily. . . . 304 
Do. Do. Yearly . . 110,960 
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The cost of mamtcQancc for tUfi road, acoafl 
ing to the returns from the County FresentaH 
Books is £16 per mile per annum, and^fl 
in the former case, referring this gross tonitH 
to the gross expense we shall have an ann^f 
expenditure of £1 per mile for 6,935 too^| 
traffic moving at S^ miles the hour. ^ 

The foregoing facts enahle us to determine tls ' 
expense of repairs for an ascertained amount of in- 
tercourse, and exhihit the wear and tear of qm(i 
moving vehicles as compared with alow caiiiagH' 

' E«ferring to those data it appears that the 

gross traffic is 82jl25 tons in the first case and 
110,960 tons in the second one, whilst the crat 

I of maintenance is 4.9 times greater for the 

former than the latter ; and as the locahties are 
pretty much alike in respect to facilities of 
repair, climate, &c. the inference is obvious that 
the rapidity of movement (in this case the only 
material point of diiference) is always a primary 
circumstance to be considered in estimatiag the 

1^^^ expense of road repairs, ^j. 
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i ime given in evidence afcw years since before 
e of the House of Lord appointed to 
i into the state of roads in Euglaiid and 
I, that quick moving vehicles are not so in- 
Ls to roads as slow moving vehicles. But how 
8 a conclusion this must be the foregoing 
todearly evince. Indeed it must appear evident 
I very little reflection that the concussion 
I by the horses feet and the vehicle is much 
X with a rapid than a slow motion ; and the 
mediate cifcct of such concussion is 
irb and consotjuenlly to wear down the road 

OHALITY OF MATEUIAIS. 

K districts not abounding in the best quality 
of stone it becomes a matter of the highest im- 
portance to determine whether any and what 
lines of road could be kept in good repair, with 
the materials supplied in the immediate neigh- 
bourhood. The carriage of stone from a remote 
distance always involves a heavy expense, often- 
times double ivhat it would be if stones were had 
near t 'epaired. 
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Stones forming an excellent road bi 
under a limited amount of traffic may be 
unsuited to heavy intercourse by reas 
softness or friability; and it not uufreqi 
happens particularly In cities and towns where 
the traffic is very heavy, a good surface cannot 
be maintained with any but the hardest quality 
of metalling. Stone is commonly brought tt 
considerable expense from the Island of GueroBeJ 
and Scotland and even from Hudson's Bay U 
North America for repairing roads in the vicinitj 
of London. Such costly materials are used onlj 
on the greatest thoroughfares where theJ^inW 
in which the neighbouring counties aboundi 
would almost immediately crumble into dust 
under the pressure of the traffic maiutaiuf d upoQ 
these roads. 

Some very interesting experiments have been 
made by Mr. Walker, the eminent civil engineer 
(President of the Institution of Civil Engineers,) 
npon eight descriptions of stone, seven of them 
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BceTtfdning their relative durability for road me- 
alUng. They were laid as tcheel-tracks on a. ^^rt 
bi the Commercial road, and the following tabidar 
xetum exhibits the result oUecenteen months trial 
between March 1830 and August 1831." 




DHfriptlou of 

StODC. 


— 


AhwInM 
Month., 


Tlmcln 
which 




Gnnite 

Gnuitc 

Wiinstone .. 
Bine granite . . 

Granite 

Red granite .. 

Granite 

Blue granite . . 






19 

i7i 

lOi 
10 
9 

H 

6* 


Herm (nenr Guernsey). . 




075 
082 
131 
141 
159 
207 
















It were to be desired that we had an accoun 
also of the trafGc, and so we should be assistoi 

rectangular tramsCones, 18 inches vide by it ftwt deep, an( 
jointed to each other endwise, for the wheels to travel on 
with a common street pavement between for the horses 
The tramstones subjected to experimeot wete Iiud in th 
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in fixing the ratio between a tonnage of traffic 
and the wear of tlie stone Biirface. 

In Bclecting materials for a road eurface the 
quality or hardness of the stone should altrayB 
bear a due proportion to the load it may have to 
auBtain. These loads may vary with the sort of 
machine in general use ; for instance, in Ireland, 
two wheeled machines are those commonly em- 
ployed each weighing from 6 to 8 cwt. and 
loaded with S2 to 25 cwt. the gross amount of 
^eight being about 30 cwt. In England /«"' 



gatEwnyoftlie Limcliouse tnrnpikp, bo as ofnecesdty lol« 
exposed to all the bravy traffic yi-oni the East andVtit 
India Doc^ks. A similar set of experiments Lad pTeTioallj 
tweo mode in the ssaat place, l>ut for a shorter penndi 
(little more than four iiioatbs) with however not rtij 
different results, as the following figures correspoil£s( 
nith the column of " relalise loties," in the foregoing toUt 
will shew. 

Guernsey 1.000 | Peterhead (blue). 

Budle 1.040 Aberdeen (red), 

Hecm 1.156 | Aberdeen (blue). 

All the above stones are granites ciccpt the Budle, f 
is a speelea of Whin from Northumberland, and they veM 
all new pieces in each scries of eiperiments."— rut 1- 
Triau. Iml. Civil Enffiiicern. 
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tcheeled machines are mostly employed each of 
which with the load often comes to six tons. 

In the former case the gross pressure from 
each wheel on a given point of the stone GUiface 
will be l,660Ibs. in the latter 3,320rbs. These 
weights act very injuriously upon uneven roads, 
for when the loaded wheel has reached the 
summit of each rough or projecting point of the 
road surface, it acquires a velocity in its descent 
on the other side, which must of necessity 
damage the road crust, whence it is manifest 
that none but the hardest stone shoidd be used 
on roads of heavy traffic. 

The experience of practical men is against the 
employment of broken stone of larger size than 
1 J inch cubic for road metalling. Assuming this 
for the ordinary irregularity over which the 
loaded wheel has to pass, then according to the 
laws of descent of falling bodies the effect of 
the loaded wheel descending from that height, 
will be to its effect descending from any other 
height directly as the square roots of the respec- 
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tive heights. The necessity of using small stone 
and of a smooth surface is therefore evident, 
and a reference to the tatle iu the foregoing 
Chapter, showing tlie weights which crush 
different qualities of stone, will assist in deter- 
mining the description of metalling suited to 
each particular traffic. 

The elasticity of stone is of great importance 
because it is of all properties that which con- 
tributes most to preserve the durability of metal- 
ling under the shocks it has to sustain. These 
shocks are caused by the impulsive force with 
which a loaded wheel rolling over a prominent 
Btone strikes in its descent the surface beneath 
it. The capacity with which different sorts of 
stone are endowed to resist such impulsive force 
is found to increase with the square roots of 
their elasticity. To this property we are to 
ascribe what is commonly observed, that roads 
made over elastic soils, for instance bogs, are 
found to wear less than those made upon more 
unyielding foundations ; and &om some obaer- 
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■Tations made in the neighbourhood of Bridge- 
I vater it appears that tliu quantity of materiuls 
vorn off a piece of road made over a rock, com- 
paced with the quantity worn off an equal extent 
ef road made over the " naked surface of the 
toU" vt in the ratio of seven to £ve. In this 
manner by a compari^^on of the wear on a road 
aver a well di-Euned bog, with that of a road on a 
rock or other foundation the advantage which an 
elastic surface aiTords in the way of diminishing 
or preventing the comparatively rapid wear on a 
leas elastic surface can be easily estimated. 



The cost of broken stone materials will consist 
diieily of three items, viz. : — Quarrying, Break- 
ing, and Carriage. Quarrying for road materials 
lis generally executed by laborers provided with 
OTOw-bars and picks, the inconvenience and 
difficult of providing powder in many localities 
teingsuch that blasting is but rarely resorted to. 
Xa quarries where the stratafication of the stone 
U open laborers with crow-bars, sledges, wedges 
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and picks may be employed with conveme 
and economy j and without more than coi 
skill and expertness one labourer will tuxn 
from 5 to 8 tons a day. 

If a quarry should be composed of > 
close jointed stone, the operations of the gi 
men will be quite unproductiTO unless assi 
by occasional blasting to detach large blc 
and shake or loosen compact masses. The st 
may then be removed by laborers with compa 
live ease. The removal of stone by blastii 
alone is very expensive and a person will rarely 
find his advantage in employing it unless for the 
purpose of loosening masses of stone whidi can 
afierwards be removed by manual labor. In 
some quarries however, a few blasts laid with 
judgment will bring down several hundred tMM 
of stone, when other means would be tedious, 
expensive, perhaps unavailing. In a quarry 
with a high breast and the stratafication of the 
stone upright or but slightly inclined Ixom the 
perpendiculai-, one or two blasts at the foot i 
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irer part, will do nmcli execution. This Is at 
fcnce otviouB. With the strataficatlon vertical, 
as is supposed, or but little incIiQed from the 
perpendicular, the superiacumbcDt mass having 
3LO support but the bottom part iu which the 
powder is placed, vhen this is blown oat the 
"whole breast of the quarry from top to bottom 
must come down. 

This mode of blasting rouk, where the strata- 
fication was favorable, lias been practised with 
equal sueccsa and economy in the execution of 
aeveral roads in Ireland under the directiona of 
that deservedly distinguished engineer officer. 
General Sir John Burgoyne, to whom the merit 
(rf the plan is entirely due. 

The circumstances attending the operation of 
blasting are so many and vai'ious that we must 
be prepared for a diversity of result even when 
the experiments made are apparently tlie same ; 
and hence practically speaking, to assign the 
precise quantity of powder required for blasting 
a given quantity of rock becomes a problem of 
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rather difficult solution. It may be stated 
the result of experiment in ordinary cases 
IS oz, of powder will blast one cubic yard of roci. 
The mode of preparing a blast is as foUowa, 
A cylindrical bole or chamber is bored into the 
rock with a drill, in the lower part of which 
chamber the powder is placed: &" needle" oi 
fine rod of copper is then introducedj the lower 
end bearing upon the powder ; the hole is then 
filled around this needle with dried clay firmly 
compressed with the tamping irons ; the cl>y 
being duly cousobdated tbe needle is withdrawn 
and a quill or straw filled with powder put in iti 
place. An ignitible communication is thni 
formed between the charge of powder in the 
bottom of the hole and the exterior part of the 
rock to be blown up. From the outer part of 
the quill or straw a train of powder is laid of 
sufficient length to allow tbe men in tbe yicinity 
to move off to a safe distance before the 
appbed to the extreme end of the train has 
to communicate with the body of powder 
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bottom of the chamber. This was the old mode 
of forming a. comiection between the charge of 
powder and the exterior of the rock to bo 
blasted j it is now almost entirely superseded by 
the patent "Safety Fuze" which combines the 
threefold advantage of greater safety, certainty, 
and economy, A charge seldom or never misses 
with the safety fuze, though frequently with the 
old plan. The consequence has been the occur- 
rence of niuneroua and appalling accidentB. The 
first charge having missed, when it would be 
attempted to recharge a sudden explosion might 
take place, it often has taken place, iu the very 
act of clearing out the chamber for a &esh^ 
idmrge. Where the use of the patent safety 
fuze is general such accidents are of very rare_ 
occurrence, and hence for persons having charge 
of public works to compel were it necessary, the 
adoption of the sa/e^y_/i(ze, could be regai-ded in 
no other light than as a humane precaution 
having for its object the preservation of human 
life, Buch compulsion would be a mercy. 
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The safety faze is a flexible tube of tarred 
canvass about three-eights of an inch diameter, 
and filled with fine powder, upon being ignited 
it burns with regulaiity and certainty even if 
immersed in water, at the rate of about two Jeet 
per minute. It is sold by most powder mW' 
chants in " CoUs " each of 24 feet at ten pence 
per " Coil." 

Good blasting powder may be had for Fifty 
Shillings per barrel of 100 tbs. ; and when lie 
rock to be blasted is not close grained or is 
intersected by open fissures, a mixture of om- 
fourth of dry saw-dust with the powder will 
save considerable expense and will in the cir- 
cumstances answer the purpose of blasting just 
as well as jMwder alone. 

The chamber hole for a blast should be sank 
in a direction slanting or ohlique to the fece of 
the rock, so tliat the direct line or shortest dis- 
tance from the bottom of the chamber to the 
face of the rock shall be less than the length of 
the hole drilled through the rock for introducing 
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the powder. This direct line is called the " Una 
of least resistance" and with a properly prepared 

blast the rock will £rst yield in this directioii. 
If the chamber or hole was bored along the 
"line of least resistance" the powder when 
exploded, would drive the tamping through tho 
hole and leave the rock unshaken. Whence tha 
obvious necessity in driving holes for blasting of 
taking care to give them a direction oblique, 
but never perpendicular to the face of the rock. 
Extensive experiments have been made by 
Valiere, Etienne, BeUdur, Mouze, and Le Fehre 
on the explosive power of different charges of 
powder to spring mines in ordinary soils, which 
experiments, as being similar in their natute to 
the operation of blasting rocks afford us some 
useful and practical information on the subject. 
From the results of these experiments we gather 
that the charge bears neai-ly a direct proportion 
to the sohd contents of the excavation made by 
each explosion, or, which comes to the same 
thing, the weight of powder in each charge 
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should be proportional to the cube of the 
least resistance. MuUer states that when 
diameter of the excavation is equal to twice the 
line of least resistance, the understated chargei 
are requisite ; 

3 feet for the line of least resistance require 



The above quantities of Powder are very 
nearly proportional to the cubes of the lines of 
least resistance; but as the experiments were 
confined to springing mines, the charges would 
be found much too great for our usual blasting 
operations. 

The following Table will be found to accord 
better with ordinary practice* in blasting : — 

* Taken from the Instructions for Blasting Rock by ft 
Shannon Commissioners. 
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UneioMeut Chireaof 
resBlonce. Powder. 


Una of leut Chinai at 
rcri>t.u.ce. Powder. 
Ft. la Ibi. am. 

* 9 3 H 

5 3 li* 

5 3 i 8* 

5 6 6 3J 


1 3 1 






2 3 51 












G 9 9 H 

7 10 111 

7 3 11 1*1 

7 6 13 3 


3 3 1 1 


3 8 I 5i 




* 3 a 6i 

4 6 2 13i 


8 16 


These proportions will anawer for most cases 


but for the sake of greater accuracy a few experi- 


ments could be made in the commencement of 




the result of such experiments. In blasting 


upon a large scale, advantage may be taken of 


fissures in the rock and other circumBtancea by 




Ab it is useful at times to know the space in _ 


round holes that ^ven q^uantidea of gunpowder fl 
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may occupy, 'the following table wOl serve to 
make the calculation. 




Diimtter of 
ihe hole. 


S'™; 


K"""; 


Depth of Hole 
:ib. oi Dowder. 




Incbei, 

1 

u 

3 


IbB. Ol. 

a 0.419 
0.942 
1.676 
2.G18 
3.770 


&.023 

11.304 

1 4-112 

1 15.416 

2 13.240 


38.19r 
16.976 
9.549 
6.112 
4.244 





One pound of powder loosely poured in, but 
not close shaken, will occupy about 30 cubic 
inches ; — a cubic foot weighs about 37 J tbs. — 
( Instr. Shannon Works.) 

The next subject for consideration is the cost 
of Breaking Stones, and this, it is manifest, must 
Tary with their hardness and the rate of laborers 
■wages. Machinery is not employed to break 
Btone for road metalling, but there can be no 
doubt that in the vicinity of towns where large 
quantities are requii'ed, steam and water -power 
might be applied to such use with greater 
economy than manual labor. We have had 
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cxpeiiineiits made zt the Berehaven Ct^ipec 
Mines with the view of ascertaining how fax 
machinery could be economicallj- employed in 
"keakiiig stones. The stone experimented npon 
all hard qnartz, more dilBcalt to be broken 
klmost any other description of stone, and 
tiie result proves that this hard stone can be 
>Len by machinery to any requisite Eize and 
at less cost by a great deal than soft stone by 
JUanual labor. 

The following particulars of the experiment 
nay be useful. 

A condensing steam engine of 37 horse power 
consuming 2 cwt. of coals per hour was employed 
to drive two pair of case hardened cast iron 
Toilers, each pair of roUers being adjusted and 
placed in a horizontal position so that the stones 
when passing between them should be crushed to 
the required size ; each roller was 2^ feet long 
and 18 inches diameter weighing 14 cwt. and 
xeyolving on strong wrought iron axles 7 inches 
fUameter^ all strongly framed together. The 
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lumps of quartz were thrown down upon thl 
rollers, having been previously reduced to suck 
size as to pass through a ring from 4 to 5 inclw 
diameter. By the revolution of each pair of 
rollers the stones thrown upon them were mad* 
to pass between them, and so were broken into 
small pieces corresponding in size with the space 
between the rollers. The Engine and Eollers 
broke 9 tons 3 cwt. per hour to such size as to 
pasB thi-ough a ring one-half inch diameter. 
The rollers were fed by three girls and the 
stones when broken removed by four men and 
four boys, each traversing in the move to and 
with the broken and unbroken stone an average 
distance of 25 yards. The total cost of Ei 
power waa SJd. per ton, and the expensed 
rollers, carriage, removal of stone, &c. was 6d. 
per ton, making on the whole S^d. pee ton kt 
breaking Iiard quartz a size suiEcient to piis 
through a half-inch ring. 

The expense of breaking the quartz stone by the 
same process of a size to pass thi'ough a ring \\ 
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inck diameter was one-fourth of the ibrmer, that is 
about one half penny for engine power and three 
kalf-pencc for other expenses, making 2^. per too. 
One pair of rollers will stand for forty days break- 
ing hard quartz for seven hours a day, after which 
tlieir surfaces becoming very much worn and 
indented will render them unfit for further use. 
The chief objection to breaking stones between 
tollers b, that good part of the stone will bo 
crushed smaller than might be desired. When 
the foregoing experiments were making it was 
suggested to employ grooted rollers in order to 
meet this objection.* 

Id breakuig stone by manual labor, short 
handled light hammers are better than heavy 
hammers or those with long handles. Each 

• Wc are indebted to Captain Rcid of Beiehaven for 
BuperiD tending the experiments on the application of ileam 
power to the purpose of stone brealiing. In his valued 
communiention lie remarks—" I think a steam engine of 
eight horse power working one pair ol grooved rollers 2 feet 
long and IC inches diameter will crush atone to pass through 
a ring li inch diameter as fast as men can nell bring stones 
and remove them from the rollers after being crushed." 
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handle should be of ash 20 inches long and the ] 
hammer IJ lb. weight, with two well steeled I 
rounded faces. A hard stone should be used u 
an anvil upon which to brealt the stone. 

An expert labourer will break in a day 2J 
tons of limestone of a size to pass through an 
inch aud half ring, aud of hard siliceoiu stone 
1 J torn in the same time. The degree of hard- 
ness of the same quality of stone is often so 
different aud no much does the quality of work 
which a labourer can put out of hands depend 
upon it that sometimes he wiU not average half 
that quantity in a day; but still in ordinary 
cases tlie foregoiug will be found the usual retunu 
of a good stone breaker. ^ 

Broken limestone for road repairs can be 
procured at the quarries in the vicinity of Cork 
for the foUoiving charges per ton — 

Quarrying Sd. 

Brenliing of 9 aile to pass through a ring IJ 
inch diameter 5d. 

Breokiiig of a size to pass through a ring 1} 
inch diameter 4d. 

Csmuge 6d. per ton pei mile. 
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for repMTs should never be larger than 
freely through a ring 1 J inch diameter 
ai stones will always knit together better 
and sooner than rounded pieces; and hence 
gravel is not well suited for road repairs, for 
unless it be well separated from its usual mix- 
tare of sand or earth and the rounded lumpa 
broken down into angular pieces, it will never 
unite into a compact mass. 

Hard river gravel when convenient to a road 
is not to be hghtly rejected as material, the use 
of it will be such a saving, unless indeed the 
road be one upon wliich very great intercourse 
exists ; and even upon such it may be employed 
if the lumps be large enough to admit of being 
broken. 

Let the situation be ever so convenient, Pit- 
gravel can seldom be used widi economy for 
roads of much intercourse. It is next to impos- 
sible to separate it from the earth generally mixed 
with it unless at an expenditure of labor more 

tU»n sufficient to procure good bi-oken stones, 
gg ■ ■ ■ - 
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We have had experiments made witli a view 
of determining tlie increased bulk of solid stone 
wlien broken to pass through rings of three 
different sizes ; the particulars of these experi- 
ments, which may have their use, we here 
subjoin — 

100 Cubic feet of solid stone nbeii broken to pass lluoogli 
■ ring Ijinph diameter measured 20S cubic feet. 

2 inches do. do. 190 do. 

1 2) inches do. do. 170 do. 

From the above it is obvious that the cavities 
occupy a very large proportion of a bulk of 
broken stone and this circumstance warrants ui 
to infer the advantages of broken stone as a 
mode of drainage, the interstices between flie 
stones rendering the process of filtration per- 
fectly efhcacious. 

It also follows from this experiment that solid 
stone, of which 14 cubic feet usually weigh a 
ton,* will when broken weigh as under. 

*The weight of stones docs not usually differ very much: 
in genernl, it nill not vary much &oin the above itatement 
Bulktan easily be propDitioucil in «11 cuetoccoidiiifM 
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Bp.'^.srs,"'" 


panUcjrud. 


PI 


19 2 
» 59 
22 39 



When it becomes necessary to cany matemU 
from a remote distance tlie gross expense is 
thereby considerably increased. In proof of 
tliii Te need only refer to the foregoing data 
»Hch make it quite manifest that the cost of 
carriage for one mile only exceeds the expense 
either of quarrying or breaking; and hence itia 
that we ought carefully examine whether suita- 
ble materials may not be had near us before we 
go to a distance to look for them. 

In order to diminish as much as possible the 
carriage of materials and to provide a good 
supply when wanted it will be convenient to 
form dep6ts along the Koad to hold broken 

the spewlic gn^itr deducible from the table which we have 
^ven in the latter p vt of the piecedisg chapter. 
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Btones. These depflts should be placed at such 
intervals as to render ordinary repairs practicable 
by manual labor only : an interval say of from 
one to two hundred yards would suffice, as in 
that case a man with a wheel-bar ronr could 
easily supply the intervening parts of the road 
with the quantity of material required for their 
repair. 

Apart from this consideration, depots woidd 
furthermore be of advantage, inasmuch as it is a 
direct saving of money to have a quantity of 
stone broken in the fine season, the proper one 
for such work, and collected together ready lor 
use rather than wait for inclement weather 
when the work could be done not so well nor at 
all so cheaply. 

Depots present this further advantage that 
they serve as receptacles for stone broken or 
unbroken, that would othenvise have to be filled 
up on the road-side — a thing attended with great 
inconvenience, with danger to passengers and 
injury to the road, to which we may add that it 
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narrows the travellable part of the road to a very 
small width thus augmentiug tlie danger of ft 
collision between veliicles coiuiug from opposite 
directions as well as with the heaps of stone so 
awkwardly placed in the way. Such heaps of 
stone present also no small ohstructioit to 
effectual cleansing aud surface drainage. 

The effect produced on the surface of roada 
by wheels with different breadths of iier is a 
subject which has engaged a large share of public 
attention generally as well as of several cominit- 
tees of both Houses of Parliament. Experience 
and observation, the surest, the only guides, 
to practical knowledge, have led those engaged 
in the repair and others concerued in the 
use of roads to conclude, that it must be a 
matter of importance so to adjust the propor- 
tion hetween the wheel-tiers and the load to 
be carried that the wheels may not sink into the 
surface. 

Narrow tiered low wheels when heavily laden 
cut deeply into the road crust, not only destroy- 
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ing the surface but creating much additioual 
draught." 

"Wheels with wide tiers are on the contrary 
less injurious because of the gi'eater area whict 
they present, and which will be found to sink 
less into the road crust under the same load. 

The Legislature has deemed this subject of 
sufficient importance to proliibit the use of wheels 
with narrow tiers except under severe, almost 
prohibitory taxation. A light tax has on the 
contrary been laid upon wide tiers, but cxp( 
ieiicc shews that the distinction so made 
appear to be judiciously cxotcised-f 

Those acquainted with the employment of 
wide tiers must be aware of the ingenious shifts 
and contrivances resorted to for the purpose of 
evading the use of wide wheels. Wheels with 

* The etaount of reaiatance to clrauglit, from e 
partial sinking of vrheell through n road lurface is greatel 
tbaa nhat ii gcnerallf supposed. The laiva by nhicli th)|i 
resistance is governed will be found fully investigated in 
subsequent Chapter on Draught, 
-f This lair iichicQjrconBned to the English Turnpike roadl^I I 
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wEm hrelre inches wide have been made to 
iieur on bat two inches of tier by the peculiar 
mode of ehoeing or binding. 

Now as we are aware that the sinking of nar- 
law tiers through a road crust must create resist- 
ance to some extent, it cannot be supposed that 
carriers would evade the use of wide wheels did 
they diminish this resistance go far as is sup- 
posed. At any rate facts plainly shtw one thing 
that the legislative enactments in this respect 
are more evaded than observed; whence we 
cannot well resist the conclusion that the enact- 
ments of the legislature have out-stepped the 
just limits which experience and the necessity 
of the case would prescribe in applying a remedy 
to the injury caused by wheels with narrow tiers. 
It has been observed, and with some truth, 
that legislation on such subj ects is often unneces^ 
sazy, sometimes injui'ious. As it is the direct 
inffirest of those in the way of using roads to 
have them in good condition, it is no more than 
reasonable to suppose thatfrom a regard to their 



1 



19S BXPKNfiS OF HAlKTAIinMa BOAin. 



own immediate interest, if from no other motiTe, 
they would avoid the use of wheels of a sort 
calculated to do much injury to roads. 

It would decidedly be for their interest to use 
Buch wheels as by sinltiiig least through the sur- 
face would diminish the draught as much as 
possible. 

Much difficulty is felt in fixing a standard 
breadth for wheels proportioned to the loads 
they have to carry, because in proportion to thfi 
hardness of roads will it he necessary to vary the 
width of wheels ; and aa the degrees of hardneW 
are almost beyond number, the breadth of tien 
of wheels must also be proportionally uncertain 
and difficult of determination. 

The durability or coherency of a road crust 
under different breadtlis of tiers, b so intimately 
related to the friction, or resistance to draught 
with those breadths, that there is good gri 
to believe experience could better adjust 
proportion of the one to the other than 
legislation, even the most enhghteoed 
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,guarded in its provisions. Occasionally matters 
will arise wliich demand the interference of the 
legislature ; yet on the whole practical exper- 
ience appears to be the best guide and would, 
jQOBt likely better serve all interests concerned 
than any legislation, though it had proceeded on 
the safest principles. 

It may be observed generally that a width of 
.tier causing least resistance to draught should be 
preferred. That width will not be found to 
injure a road crust seriously and generally 
gpeahing, no width of tier should be prohibited 
.imlesB it be so narrow as quiclrly to crush the 
etone to powder or work the road into ruts. 

Upon the whole we may lay it down that a 
wheel vrith four inches breadth of tier can be 
loaded with IScwt. without injuring a road crust 
made with ordiaiarily hard stone ; and wheels of 
that width will not he found to sink through it 
nor create more friction than is fairly allowable 
to an ordinary common road. 
Another cauiic of expense in repairing roads 
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ariBea from the shape of the wheels aaeil upon 
them. The injurious effect of wheels with con- 
ical tiers have been so often proved before Com- 
mittees of both Houses of Parliament, and so 
clearly demonstrated in almost every treatise on 
wheel carriages that any observation upon them 
here would be needless were it not that they are 
yet so extensively used in England. In Ireland 
and Scotland coned wheels are now rarely seen 
those of a cylindrical form being generaUysB^ 
Btituted. Now that so many proofs hare heCB 
given of tlie diminished draughts wirfi cjfedri- 
cal wheels and of their less injurious action 
on roadsj and when moreover we see decided 
preference given to this wheel by every person 
of judgment, it is matter of no small surprize yet 
to find the coned wheel and bent axle in extcip 
sive nsc. 
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Chapter VII. 

TooTFATHS iihould be made on all roads of 
much intercourse, because the intercourse itself 
and tbe consequent liability to derangement 
would of necessity interfere witli the comfort of 
pedestrians, an object to be provided for equally 
with a good carriage way for beasts of burden. 

The surface of footways should never be , 
under the level of the middle of the contiguous 
roadway ; it should also have a sufficient £dl 
about 1 inch to each yard to discharge surface 
water towards the road and should not in 
general be less than five feet wide. The width 
and finish of the surface must however always 
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vary ■with the necessities of the probable inter- 
course, la localities remote from cities and 
towns the above is a sufficient width but eigM 
or ten feet will be necessary for the approacL- 
roads of populous towns. 

The streets of cities aad towns should however 
be provided with two footways — one on each 
side — as spacious as possible, say fourteen to 
fifteen feet each. The narrowness of streets 
will not always admit of a strict adherence 
these dimensions, as it would in that case 
necessary to encroach upon the carriage-way. 

In short the breadths of Footways and car- 
riageways in towns must he variable according to 
circumstances : sometimes it may be necessary to 
reduce them to even a lesser width than would be_ 
chosen for roads without any thing like the sb 
amount of intercourse, as being remote 
cities and other populous localities. 

The description of covering adapted to 
ways varies with their situation. The 
covering for those remote from towns isi 
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1)roken stone or screened gravel, which should 
not be larger than a half-inch cube. Footways 
near towns should have their surfaces paved 
with oblong pebbles about the size of a goose 
egg. Those in cities and towns are usually 
flagged, but a covering of Asphalt having been 
of late brought into extensive use upon the prin- 
cipal footways in Pai'is and London has proved 
not only a very durable material but also a much 
more agreeable footwayj iavariably preserving a 
certain degree of roughness whilst flagging on 
the contrary assumes an unpleasant degree of 
smoothness. 

The mode of making gravel and paved 
Bor&ces for roadp as abeady described differs 
but little &om the method to be adopted in 
making footwitys ivith these same materials. 
Indeed the only difference consists in using 
gravel and pebbles of smaller size on footways 
than carriage ways, and making the covering 
crust of the former but four inches thick, which ^ 
I yillbe sufficient if the material with which the H 



patihway it rused be properly ccmsoUf 

"VVlicn footways are to be flagged, the gioi^ 
under tbem is to be carefully prepared, as q 
faalujc of flagging is always owing more I 
insufficient bearing than to any defect in ( 
fl^s tbemsclves. The ground is to be brought | 
to a uniform surface, and then well rammed or 
beaten with a heavy maul so as to afford afi 
and uniform bearing for the flags. The fiUiog , 
stuff should be composed of quarry rubbish acd 
stone chips well consolidated and then laid over 
with a coat of well prepared lime mortar from 
IJ to 2 inches thick on which the flags are to ha 
firmly bedded. Care must be taken to have Uie 
joints set square and the upper surface flush or 
free from projections at the joints. It is a com- 
mon practice with tradesmen anxious to show 
good even surfaces over the meeting joints o£ 
flags, to diive stones luider their low edges and 
so to lift them to the level of those adjoining. 
But, as it invaiiably happens, the flags so lifted 
lose the uniform support which the entire suifiiefl 
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^■^56069 and which cim be had only by laying 
[ them flush on uniform bearings. When flags 
I are supported on their outer edges only, the 
points of support soon sink into the ground and 
the flags immediately lose their proper level; 
or if the points of support do not yield, the flags 
being seldom more than 2 inches thick, axe soon 
jlirdken into fragments for want of sufficient 
ibearing. The practice of pinning under flag 
joints is therefore to be avoided as much as 
possible. 

The edges of the flagging should be trimmed 
and cut to range fair with the course of the 
carriage way, and a deep curb stone from eight 
to ten inches thick should be set along the edge 
of the flags flush with tlieir upper surfcce and 
sunk in ground about 10 inches, or at least as 
much as they stand or measure above it. Out- 
side these curbs water-tables should be paved 
for a breadth of thiee feet. 

The flagging best suited for footways is that 
liiaTiPg a roughish surface. When flagging is of 
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a compact fine texture the effect of even parti»l 
use is to convert it into a polished sur&ce ; and 
we need scarcely remark that an extreme degree 
of smoothness is any thing but desirable on* 
footway. 

The cost of flags must vary according to the 
locality and the facilities of procui^ing them. In 
most seaport towns good flags may be had for 
2s. 8d. to 3s. Od. per square yard : flags of 
inferior quaUty may be had for from 23, to 2s. 
4d. the yard. The cost of laying will vary with 
the wages of workmen, but a good working 
mason and two laborers will lay two square 
yards in an hour. 

The pubhc Footpaths of London and Paris 
have been latterly laid to a large extent with 
Asphalt, which when properly prepared aud 
applied makes a very durable, clean, and 
pleasant surface under foot. Asphalt, though 
but lately substituted for flagging on public foot- 
ways, was well known to the ancients and greatly 
prized by them for its cementing properliea. 
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«ff a kmd of bituminous stone, supposed to 
fl»ve been the principal material used in ceinent- 
^g the walls of the temple of Jerusalem and of 
■Babylon. 

Melted and mixed with other ingredients it 
forms an excellent cement, impenetrable to water, 
possessing a considerable degree of elasticity, 
Very tenacious and always in a small degree 
tough. These qualities, not to mention its 
freedom iirom mud, render Asphalt at once a 
jdeasant and a safe footing far superior to the 
best description of stone-flagging. Mines of 
l4sphalt are worked near Neufchitel, at Pyri- 
Ktont Seyssel on the eastern side of the Jura 
(fountains and in many other places; but the 
bkost approved is that procured from the latter 
Jilace, for the preparation of which a company is 
formed having two principal depots, at Marseilles 
and London. We have had a practical proof of 
the excellence of this material prepared under 
i*' Claridge's patent " in the specimens laid down 
in Westminster opposite the Horse Guards bo 
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fat back as the April of 1838. "With a thickness 
of only half an mch it liaa witlistood the traffic 
of that great thoroughfare up to the present time 
■without any apparent change except a greater 
smoothness of surface. 

The secretary of the company established ibr 
tlie sale of Seyssel Asphalt gives the following 
description of it, 

" This Asphalt is a Bituminous Limestone 
obtained from an inexhaustable ISline at Pyri' 
moDt in the Jura Mountains. Previously to its 
introduction into this country in 1838, die 
material had been used for many yeai-s in France 
and from its great utiUty was extensively patron- 
ized by the government of that country. 

Among the various uses to ivhieh it can be 
applied the following may be enumerated. Im 
Foot- Pavements, public and other ; in the car- 
riage approach to mansiont>, garden walks, and 
terraces, roofing, covering of raih'oads, &c." 

In cities and populous towns there should be 
crossings for footways laid across the coiri^ 
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way at the junction of the streets. These cross- 
ings should be made of timber or hewn stone. 
If the latter material it should be of hard q^uality 
nine inches deep and of five feet wide; the 
surface grooyed across the line of draught to 
prevent horses ftom slipping. The upper sur- 
face of the crossings should be elevated, say about 
two inches, above the general level of the road- 
way and should have a pavement at each side 
four feet wide sloping regularly from the surface 
of the crossings to the contiguous surface of the 
street so as to prevent any unpleasant jolt to a 
carriage when driven over. If crossings be made 
of timber, they must have long scantlings 
dowelled together five inches thick, grooved on 
the upper surface and paved on each side alilce 
with those made with stone. 



1 



IKSTRUMENTS, TOOLS. &c, 



Chapter VIII. 

A VARIETY of Instruments, Tools, &c., are i 
in making and repairing roads; and tliose 
ployed in making differ widely from aacli aa are 
used in repairing them. It is not to be expected 
that a work professedly designed for practical 
men should enter into the mmuti<E of details 
that properly fall within the province of the 
Engineer ; and hence the reader is not to look 
for more in the present chapter than may be 
necessary to illustrate the practical use of such 
Instruments, &c., in ordinary road work. 

The instruments and tools in ordinary use for 
road work are Theodolites, Spirit Lev^, Sex- 
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^«b, Plummet Lerels, Cubic Pleasures for 
^ohen stone. Rings, Scrcais, Drainage and 
^InniTig spades, Bog knices. Hammers, Anvils, 
Jiales, Shovels, Wheel-barrows, Picks, Scrapers, 
JioSers, Scraping Machines, Quarry Tools, 
^c, ^c. 

It has been already mentioned that a six inch 
Theodolite will be sufficient for the ordinary- 
practice of road work : indeed if used with care 
it would even auswer the purposes of railway 
vorks. 

■ The Spirit Level is a smaller and more portable 
Sustroment yet not so convenient nor so gener- 
;:ally osed for road work as the Theodolite, 
tiiough in experienced hands it can be applied 
equally with the Theodolite upon almost every 
-description of road work. 

The Sextant is not generally used for road 
making, though so portable that it may be 
carried in the pocket : it is extremely accurate, 
lut more used in surveying operations than in 
road work. As respects the filling up the 



^ 
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details of road surveys no instrimieTit is better 
suited or more strongly recommended. 

The methods of using the foregoing instrU' 
ments are fully and very well described io 
Simma's Treatise on Mathematical Instruments. 

The assistance of the Theodolite and Spirit 
Level is quite indispensable in tracing the pro- 
per course for new roads and mating accurate 
surveys and sections of the gromid over whidi 
they are to pass. Without the aid of detailed 
maps and sections, shewing the principal object* 
along or adjacent to proposed roads together 
with the features and undulations of the ground, 
the heights of floods caused by the overfowiijj 
of rivers aud the like, the engineer canfint 
ascertain the best course for a line of road nor 
determine the longitudinal inclinations to which 
it should be brought. It was the practice of 
former times to make roads in straight lines 
following the undulations of the surface as far as 
the eye could see ; and no doubt instruments of 
any sort were then, of no use ; but noH that 
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I wBgitndiual inclinatioiis arc accounted of para- 
I mount impoTtancG, we are obliged to depart 
from those direct courses, and the use of instru- 
fflents becomes indispensably necessary to ohtain 
easy curves, and gentle gradients or inclinations. 
Same time the use of instruments assists us to 
avoid the construction of liigh embankments or 
deep excavations which are objectionable on 
more grounds than the heavy expense their 
first formation always entails. 

The Plumviet Ltvel is useful for forming the 
surface of roads with a uniform cross section. 
It consists of a long piece of wood, to tlie middle 
of which a broader piece is fitted at right angles 
with a plummet suspended, the broader piece 
'being kept in its rectangular position by two 
^de stays. Fig. 9 represents one of these levels 
and if the horizontal bar be made eight feet 
jfour inches long, or 100 inches, and provided 
with four moveable gauges working up and 
down in dove-tailed grooves, it will be found 
easier of application than of larger size levels 
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with more gauges. In addition to its Qtfl 
in forming the cross figure of a. road, it mightS 
also be applied in forming short planes of incliiwl 
tion between detached points the levels of wMAi 
had been fixed with a Theodolite orSpiritLerAl 
For this purpose one gauge only, that at die 
extreme end, is to be used. 

The Plummet Level may be made to show all 
planes of inclination between 1 in 10 and 1 in 
1000 and with sufficient accuracy for ordinary 
purposes ; particularly in reducing acclivities 
on old roads, and even in putting in planes of 
inclination on new roads, if they be not more 
than from one to two hundred yai-ds in length. 
"When they are longer the Theodolite or Spirit 
Level only can be relied on. 

If the lower bai- of the plummet level be made 
100 inches long and the moveable end gauge 10 
inches long divided into inches and tenths, the 
gauge win be a decimal division as well as an 
aliquot pait of the base. One inch on the verti- 
cal end piece or gauge will be the hundtedlh 
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part of the base ; and a tenth of an inch, vhich 
is tlie smallest diriEion on the vertical gauge, 
will be the thousandth part of the base. 

The following tabic shews the rate of inclina- 
tion corresponding with different depressions of 
the end gauge below the bottom edge of tiio 
plummet level, the suspended plummet being 
Bupposed to hang truly perpendicular to the 
horizontal bar at bottom and over the middle of it 



of 
End Gaoge 


Rate of 


End Gauge 


Rate of 

IncUnBtion. 


0.1 


1 in 1000 


2 


1 in 50 


0,2 
0.3 


1 ia 500 
1 in 333-1 


3 

4 


lin33i 

1 in 25 


0.4 


1 in 250 


5 


I in 20 


0.5 


1 in 200 


6 


linlBf 


0.6 
0.7 


1 iul6&^ 
1 in 144f 


7 

S 


linl4f 
linlSi 


0.8 


1 in 125 


9 


linlH 


0.9 


1 in lUJ 


10 


linlO 


I.O 


1 in 100 
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nc Measures for broken stones are usually 
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made of timber in the form of a square trot 
tlie four sides being each three feet long and 
eighteen inches deep without top or bottom. It 
is provided on each side -with two iron rings for 
timber handles to pass through, whereby, when 
filled, it can be lifted up with ease, leaving the 
stones on the ground in heaps each half 
yard in dimension. 

Mings are used for test ing the size of broken 
stones, being preferred as a measure to scales 
and weights on account of theii' greater simpli- 
city. The rings to be provided with handles and 
the stones to be of a proper size should pass, 
freely through them. 

Screens are usefid to separate gravel from 
earthy particles and sand with which it is 
idly combined. Screens are made with a fr: 
of timber and small rods of iron spaced 
three quarters of an inch asunder, the raatei 
passing between the rods being rejected as 
small and the larger particles alone bei 
reserved as fit ibr road repairs, and any abo' 
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an inch in size being laid aside lo be broken. 

Drainage and Skinninff Spades are made por- 
poaely for their respective ivork and require to 
be faehioned accordingly in a peculiar manner. 
Drainage spades are narrow, having a width of 
six inches, often of only three, according to the 
stiffiiess of the soil through which the drains are 
to be Eunk. Skinning spades are intended for 
removing the grass sod which is found to grow 
rapidly on the sides of roads not much travelled 
over by carriages, and unlike drainage spades, 
should have wide flat edges with short handles. 
Each is shewn by figs. 10, 10', the first represent- 
ing the draining spade and the second the skin- 
ning spade. 

Soff Shives greatly facilitate the formation of 
drains through bog soils. They are formed of 
iron with wide blades having two edges and a 
short timber handle passing at right angles 
through an eye on the top of the knife. A man 
accustomed to the use of the bog knife will cut 
both sides of the track of a drain thiough bog 
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with great rapidity, after wluch the material 
between these cuts can be easily removed by 
ordinary laborers. See fig. 11, 

Hammers are made of different weights 
according to the size to which they are intended 
to break Btonea. Hammers of six pounds w«ght 
will reduce blocks of quarried stone to a proper 
size for the stone breaker. The stone breaker's 
hammer ought to be about one and a half pounds 
weight; and both should be well steeled and 
brought to a small rouaded face. The small 
hammer should not be above half an inch diame- 
ter on the face and of the shape shewn on Fig. 
13, the handles about twenty inches long. 

Anvils are of great use in facilitating the 
operation of stone breaking, and should be of 
stone the hardest and most compact that can be 
procured. The stone to be broken is placed 
upon the anvil, and if struck smartly will be 
immediately broken; but if it be attempted to 
break stones in a heap, without placing thom on 
the anvil, they will fly from under the hamm^ 




and hj that means mucL ofaman's labor will 
be lost. 

Bakes are absolutely necessary to keep a road 
from wearing into ruts, pai'ticularly after the 
application of &csh metalling. Immediately an 
impression is made in the surface of a road, it 
should be levelled iu by raking ; in this way the 
surface will be brought to a compact and uniform 
Btate by a very Kttlc attention. Kakes are made 
with timber heads ten to twelve inches wide, 
set with strong iron apikca two to three inches 
long, having slender ath handles about six feet 
in length, see Fig. 13. 

Shovels for spreading stones are composed of 
a number of prongs or forks. Pronged shovels 
enter heaps of broken atones more easily than 
those made in the ordiuai-y way, and prevent the 
admixture of earth or sand with stones. Fig. 14 
represents a shovel of this construction, 

JVTieel-banoics are useful for road repairs: 
they should have cast-iron wheels and ash firames 
and handles bolted together with wrought iron. 
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The sides and ends ahould also be ttgU splayed 
and the box not above nine inches 
Pig. 15. It will be convenient to fit hooks on the 
sides to hold one shovel and one pickaxe or rake. 

Pichs are made of iron with bent arms having 
a large eye in the centre into which a wooden 
handle is £tted about twenty six inches long. 
The iron ai'ms are pointed with steel on the 
extremities, and should not weigh over eight 
pounds. They arc frequently made to weigh 
fifteen pounds ; but in general that is too much 
for convenient use. They frequently have a 
chisel point on the extremity and a fine point on 
the other : a figure very well adapted to ordinary 
road work, particularly when the pick is used 
along with the rake for road repairs. See Fig. 16. 

RoScrs properly constructed arc of use for 
consolidating the crust of a newly formed road. 
They should be made cylindrical in form, of cast 
iron from thi'ee to four inches thick and five feet 
wide, which will weigh from three to four tons. 
No weight should be placed on the axis beyi 
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' &at of the shaAs to which the horses are yoked. 
Sach roller being passed over a newly made 
road surface half a dozen times will so compress 
and consolidate the materials that wheel carriages 
may roll over them freely enough. 

Scraping Machines have been contrired for 
removing mud and dust and have been found to 
economise manual labor to no small extent. 
Some are contrived to move on low wheels 
carrying a niunber of Email iron scrapers. The 
machine is so constructed that when it operates 
on the road surface the weight of the framing is 
thrown on the projecting scrapers by lifting the 
body upwards so as to clear the road of the 
wheels, then by drawing the entire backwards 
the mud or dust is pushed before the scrapers. 
A machine has also been contrived which by the 
revolution of a large barrel or cylinder set all 
round with brooms or scrapers and fixed on the 
axle of ordinary waggon wheels, not only cleans 
the surface but also takes up all mud or dust, 
and this serves the double purpose of a scraping 
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machine and of a carriage for conveying airay 
the stuff scraped off the surface. The use of 


this latter machine is con&ued to cities and towni 
where it has been found of great use.* 

• From calculations made by the munidpal authorities at 

maaual labour, in cleaniing the streeCi, the results of which 
are given in a table, it is shown that the extent of surface 
swept is the same, although not the extent of streets, arising 
from the mare or leas frequencj of sweeping over the same 
surface ; so that by cleanBing the atreels with Whitwortli'l 
street-sweeping macJiine, three times a week, the qunnlity 
of mud produced on the surface is five timesless, than when 
they were swept by hand, twice in three weeks, Bad thirteen 
times leas than wheo swept hut once a week. 


Dlitrict Bwppl by macliinfl 

B^iniuinUlBbQor: 
Twice in three week.! .g,, „ 

township J1H4I.. 

ODCB8-w«k „ 1838-9 


"^ 1 LOBllS 


YBr<l, swept 
topr«rnco 


s.sou.wo 
s,soo,(Km 

5,600.Mll 


1,286 
8,400 

ir,ooo 


4,338 

™1 








The losses caused by tV 
stated to be very great ; 
estimates his actual loss 
shop-keepers in Oiford-at 
they lose annually from 

p/Ike SIrtfll qfthe Melroj. 


Mr. Mivsrt, of Miva 
at about iB65peranii 
eet, and Regeut-street 
£30 to £300 per ann 
liy the dust, &c.—Fap 

Olil. 


streets ar* 
fs Hotel, 
urn. whilst 
state that 
iim, by the 

J 
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Qoarry-tools having been treated of in a pre- 
ceding chapter, it is needless to do more than 
rto the figures on the annexed plate rcpre- 
mg them. 

Kg. 17| repraseota a Sledge Hammer or Matlet. 

— Borer or Chisel. 

— Wedges. 

— Claying Bar. 

— Needle, 

— Tumping Bur. 

— Crow Bar. 

The above tools are iised in boring holes for 
blasting rock ■with powder, the operation being 
conducted in the following manner. The borer 
or chisel is held by one man and is struck with a 
sledge hammer by another, the man holding the 
chisel turning it at every blow so as to cross the 
previous cut. The boring operation is occasion- 
ally suspended until the hole is cleared with the 
scraper, after which the boring is again resumed 
'till the hole is of the required depth. 

If water should penetrate the sides of the hole. 
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some tough dry clay is introduced and the Clay- 
ing-bar driven in with force. By thijs means the 
clay is forced into all the crevisesj absorbs the 
moisture and staunches the rents through which 
more water might enter. When the safety fuze 
is used the Needle may be dispensecj with ; but 
in either case the Tamping Bar is employed in 
ramming round some compact dry clay. 

The Crow-bar is used in loose open quarries 
to detach blocks of stone where blasting is 
unnecessary. 
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Chapter IX. 

^Thb deter miniition of Draught upon Eoacia 
ifceccssarily inyolves the conaidcratioa of three 
'distinct Agents, namely, the vehicle employed, 
I'tiie road upon which it movea, and the power 
IVhich effects locomotion. Each of these affords 
■a subject of inquiry independent of the other. 
\We shall therefore investigate them successively 
|ajid having done so, we shall then inquire into 
tttie Draught dependent on their combination. 



i The vehicle used upon roads for conveying 
heavy loads are the two wheeled car and the 
Lfeur wheeled waggon. There exists much 
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difference of opinion as to the relative advan- 
tages of these machines. 

It is asserted that the two wheeled car canlje 
made of a proportionally lighter dranght dmn 
the four wheeled waggon, that the ttacca can be 
more successfully inclined to suit the moat 
favourable angle of pull, that it can be made 
more available for ordinary variable loads, that 
its wheels can be made on the whole of greater 
size than those of the four wheeled waggon, that 
it can go round sharper curves, and that a howe 
working alone is capable of performing more 
work tlian wheu forming one of a team and that 
consequently there results a saving of nearly 3 
to 2 from this increased effect. 

On the contrary, it is maintained that although 
the fore wheclfl of the waggon are made smaller 
than the hind ones or than is necessary 
descending declivities the waggon will not tl 
any portion of its weight upon the horse's 
that in a car each horse taxist be of supi 
quality and therefore more expensive than tl 
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of a team ivliere the averag'e power only is con- 
Bidered, that the wear and tear, first cost, and 
expense of sereral small carts is greater than that 
of a single waggon carrying the same load and 
that in consequence if wc compare the relative 
advantages of the w^gon and the car in the way 
of economy, they will be found in favor of the 
waggon in the rate of 4 to 3. 

Although a. number of facts and long exper- 
ience give us reason to suppose that good horses 
have done more work on inferior roads with 
cars than with waggons, that these cars are more 
easily loaded and unloaded, do leas injury to the 
roads, and do not require more horses in action 
than are sufficient for the work to be performed ; 
yet we are strongly of opinion that with better 
roads the four wheeled waggon would have the 
advantage under aU the circumstances of varia- 
ble inclinations and heavy loads. 

The power required to move a car upon a 
level road depends upon the friction of the 
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Axles and the resistance to rolling. The fric- 
tion of the axles is the same in nearly all cases 
as long as the load and car are the same ; but 
the resistance to rolHng, having its immediate 
action at the tire, must be vai-iahlc according to 
the description of road upon which the wheels 
move. 

Tlie friction between the surfaces of the ojia 
and its box may be considered equal to one- 
eighteenth of the pressure, when they are well 
made and oiled. In ordinary casea however it 
is much more. We shall suppose it i^th in the 
present instance. 

Let (/ represent the diameter of the axle and 

Sr that of the wheel. Now suppose the wheel to 

he supported on its axle and a power apphed at 

the tire which is just sufficient to make it revolve 

it is evident this power will equal the friction at 

the axle decreased in the ratio of 2r : d, anti 

may be represented by the simple expression. 

Weight d 

Power = — rr — >: — - 

12 gr 
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In this case the ratio of the velocity of the 
^wer to that of the resistance is as 2r : d. 
&gain when the vehicle with its load is drawn 
along a road it will be under similar circum- 
as the wheel just now mentioned as far. 

regards the power neceBsary to overcome the 
fiction of the axle, for the relation between the 
velocities of the power and resistance is the same. 
The only thing which prevents the two cases 
from being identical is the difference in the 
amount of the weights upon the axle ; — in the 
fonner case, it was the weight of the wheel alone 
in the latter it is the weight of the body of the 
car and its load. 

In general therefore representing the weight 
npon the boxes of the wheels by W, we shall 
have the di'aught arising from the friction of the 
axle = P = 

TF d 

d 1 

To adduce a paj'ticular case, 1^' T" = T^ »^<1 
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weight of load and body of car = lbs 2640 tl 
2640 1 lbs. 

The amount of draught here illustrated 
however not perfectly accuratej because inde- 
pendently of the pressure of the weight of the 
car and its load upou the asle there is an addi- 
tional pressure on it, occasioned by the draught 
itself. 

To determine then the asle friction perfectly 
and in a more general form, let us refer to Fig. 
(26) in which WSS represents the wheel sup- 
ported upon the axle Mm and to which the 
power P is applied at W. 

It is necessary perhaps here to premise that 
the fractions ^, xr. &c., which express the Mic- 
tion of one surface rubbing on another, ako 
represent the BJne of an angle called the " angle 
of friction" or " limiting angle of resistance," 
and that the direction of the resistance between 
all rubbing surfaces is always inclined at the 
limiting angle of resistance to the perpendicular 
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Of normal at the point of contact. Thus in i 
present instance mR being inclined to m W at 
anacgle Rm JP'= the limiting angle of resistance, 
mR will be the direction of the resistance of tlio 
surfaces at the point m to motion. 

From the centre of the axle, 0, draw OP 
parallel to mR, and mn parallel to IVP. 

Then, the effect of the power at Tf^istoits 
effect at m to create motion round the centre 0, 
aa Oio is to Om •.■.r:^fL (Jonsequcntly iha 
effort of P when referred to tn will be 



But the weight or pressure acts in the direc- 
tion mO, the effort of P in the direction «»», and 
the resistance in the direction On ; and as these 
forces are in equilibrio when the surfaces of con- 
tact are in a state bordering upon motion, they 
will be represented in quantity as well as direc- 
tion by the lines mO, nni, and On; hence 



P 



Om : nm : : TV 
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and P X — = ir. 

a Om 

nm d 
.: P= W. . — 



= tang, of limiting angle of resistance. Con- 
sequently representing the limiting angle of 
resistance by A, we have 

d 

P= W. — X tangents (1) 

xr 

This expression fully involves the increajed 

friction which is due to the increased pressure 

brought on the axle by the power itself, 

The following table shews the sines and 

tangents of those angles wliich usually occur in 

the determination of the draught attributable 

to the friction of the axles of the vehicle. 



I 
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Angle. 


Sine of Angle 
to Radius 1. 


Tan gent of Angle 
to Radius 1. 




1° 55' 
2- 07' 
2' 18' 
2° 30' 
2° 52' 
3° 11' 
3" 35' 
4' 02' 
4" 47' 
6' 45' 
7° 11' 


Vr 


.0334G 

.03696 
.04016 
.04366 
.05007 
.05562 
.062G2 
.07197 
.08368 
.10009 
.12603 




' 


The resistance to rolling upon a level road is 
ring to two causes either of wliich or both may 
contjnually in operation. They are, the irre- 
laritiea of surface over -which the wheels must 
B8 and the yielding of that surface beneath 
s weight. 

If neither of these causes of resistance existed 
! wheel once set rolling upon such a perfect 
id would continue for ever to move hut for ttie 
ion of the atmosphere, and the less of them 


1 
1 

1 

J 
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a roadway presents the more nearly 1^111 it' 
proach to perfection. The road which abovt 
others is the most free from these causes of 
tance is the iron railway supported upon contin- 
uous beai'i]igs, and consequently it is the most 
perfect description of road with which we are 
acquainted. 

The draught occasioned by irregularities of 
surface may be simply illustrated thus, 

If H, ( Fig. 27) represents a stone or obstacle 
over which the wheel has to pass, the whole load 
which may be supposed to be concentrated in 
the centre must be elevated the height WT 
of the obstacle and let down again at the other 
aide ; in fact it wUI at slow velocities describe 
the arch of the circle OHP instead of the level 
line OP, along which it would have moved ff 
there were no obstruction. The power P which 
necessarily must be applied in order to originate 
motion over the obstruction, will act in the direc- 
tion OP, the weight ( JV) of the load in the 
direction OT, and the resistance in the direction 
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BO. Draw TR parallel to OP and denoting the 
keiglit of the obBtacle by k, then from the 
tqtulity of momenbi 

OT: TR:: yV:P 
TR 



■.P^W.- 



OT 



-h, and TR—liSrh-h\ 

■IHrh-h' 



-.P-W.- 



Now let us Bee what is the force a horse mmt 
exert to draw his car loaded with one ton weight 
bvel an obstacle but 2 inches high. Suppose 
r "= 27 inches, and the weight of the car 760tba. 
Oten the weight upon one wheel 
2240+760 



■.P.lSOOx 



.1600. W. 



-.ei2n». 



I 25 

I No horse could exert so great a force aa 612 
JjoundBj* therefore it would be impossible for 
* For the exact mcasnre of a Horse power kg the subK< 
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Hm to' draw the car from a state of rest over 
such an obstacle. To surmount then such ob- 
structions, the occurrence of which is by no 
means rare, the load and car must previously 
hare a momeutura, which aided by the effort of 
the horse would be sufficient to overcome the 
resistance presented. For meeting these con- 
tingencies let us determine what this minimum 
velocity must be. 

detaining the previous notation and repre- 
senting the required velocity by V, we see that 
the least value of l^must be such that, when 
the centre of the wheel after ha«iig passed 
through the space OpH (see Fig. 38) and been 
acted upon in its course by the effect of gravity 
in opposition to the draught will have a volocity 
= o. "We also see that the velocity it would 
retain at any point ji is equal to that which it 
had at 0, diminished by the velocity which would 
be generated in the space Op by the force of 
gravity in opposition to the force of draught. 

Now as soon as the wheel meets the obstroo- ■• 
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tion and fiitther motioa is about to ensue, it is 
clear that the direction of motion will he changed 
from the level line OP to the tangent 05 drawn 
at right angles to 0-E. Hence making hNpet- 
pendicular to 05* and OA = /, we have the initial 

ON 

velocity m the direction 0S= Vx — - 

^ Oh 

OT 



.(2) 



Let us denote the velocity lost at any pointy 
by V, any line pz by y, Sx by x. Op by s, 
& 16^ feet by m. Then F being any accelera- 
tire force, we have from Mechanics 

rdo = 2mF<ls 
F= force of gravity - P-^ W. And at any point 

pz y 

p the force of gravity = Wi< — = W, — , 
pR T 

^ y P 
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but ds '^ - — dx 

y 



I W y! 



Substituting value of y = "^^rx - x 

r- '' ' 



and- 



^^k 



it' Vara- 

-P 1 



?}- 



w' -^i 

Integrating between the limits and A, and 
observing tliat when x = A, r = 4" «rc Op, = 



\ 



(3) i) = 2Vm y j h - — . ore OpAJ' = the 

velocity lost at the point S. 

Now from the nature of our question we must 

r-l 

have F. c = 0. Substitute then the value 

r 
of obtained in last equation, and 
P 




mAvosT was koads. 



S33 



.■. K = . X J h .arc OpH j. 

r-A 1 >r J 

This value of F'is obtained on tbe supposition 
tiiat the power althrough had acted in the most 
favourable direction for draught, that is in a tan- 
gent to the curve. 

Suppose h = 2 inches or 0.1666 feet, r = 27 



0.0666; then arc 



1666 - 0.0666 >! 0.87 



P 200 

inches and — = ^ 

W 3000 

Opff= 0.87 feet 

25 ' 

. — >: Jl.l-tm . 2.85 feet W second oi 1.9 

35 ' 
miles per hour. And if the torse exerts hia 

whole effort of SOOIbs. on but the one wheel 

P 200 2 

W 1500 is' 



/ 0.8138 . 1.944 feet ^ second 



or 1.3 miles ^ hour. 
Thus we see how necessary it i 
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velocity of a horse drawing his usual load of M' 
ton upon an ordinary road should not belss 
than a certain speed, say I3 miles per honris 
so, in order that he may be able to proceed on 
his journey and not be brought to a stand sdli; 
for upon our roads, as they are commonlf 
repaired, stones of 3 inches high are to be net 
with almost continually. 

Besides the limit of the velocity of the horse, 
two other matters of consideration are brought 
to our notice by this inquiry, namely the lose of 
power occasioned by such obstructdons and the 
injury which a road suffers from the passage of 
a heavy load over them. 

It is clear that whatever tends to increase tht 
draught must also contribute to the increase of 
the wear and tear of the road itself, for the 
horses feet must press with a greater force upon 
the road when he has to exert a greater power. 
The shocks too of a loaded machine falling from 
the tops of all such inequalities assist far mote 
to cut the road into ruts and holes and to cru^h 
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U materials than most persons imagine. If a 
toad vere smooth, its wear from wheels would 
be truSing indeed, aa can he inferred from the 
table page ( 76.) Stone in itself is so inelastic 
that it is one of the worst substances in nature 
to withstand percussion. Thus the strongest 
piece of stone supported at each end is easily 
broken by a comparatively light weight let fall 
from a small height upon it. 

If the velocity and mnuieutum of a machine 
were not diminished by its passage over an un- 
yielding obstacle, it is evident no increase of 
draught would follow from a repetition of such 
obstructions ; but this in any instance will not 
he the case. 

Let V denote the velocity of the machine 
before meeting the obstacle. Now the velocity in 
the direction OS (Fig. 28) was ascertained to be 

r-h 

V X , (Equation 2), on the supposition that 

r 

the wheel and the resisting substance at S were 

both inelastic ( which is the view most favorable 
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\ 



Iwatil 



to draught ) j and tlie load will retain this velocity 
when it arrives at P, but its direction will then 
be SP. Again, a further diminution of vel< 
will ensue by the change of its direction 
the incline SP to the level OPP, in the propor- 
tion o£ SP:hP:: Radius : cos. hPS= TOR 

::r:r-h,.-.r:r-h:: V. : horizontal 

r 

velocity retained at P = V. 

Again the force accumulated in a body 
moving at any velocity is the same as the amoiml 
of work that should be expended in Hfting 
an et^ual weight a certain height through which 
the body should fall in order to acquire tbit 
velocity. We may therefore represent the accu- 
mulated force in the weight of the machine 
before meeting the obstruction by If^and that 
retained afterwards by WS, where 5' is the 
height due to the velocity V and S that due 

the velocity V. • The accumulated 



uet^ 

1 
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\ lost inll therefore be 

fr.(s-s^ (4) 

I Nov from the laws of fttUing bodies 

c' 
4ffw = c', and 3 = — 

4 m 

c = any velotity acquired, s the space 
p»ssed through and m = 16^ feet. Therefore 



■im 



iaiS= V 



Cr - hy 



consequently the acca- 



- nearly. .(5) 



4mr* 

niuiated force that was lost is 

rr' [ (r - /Q^i wv 

Thus we find that while the load is mored 
horizontallj through the space OP it will have 
lost as much momentum as would raise it verti- 



eally through the height h x 



If this defi- 



ciency of momentum be supplied by the increased 
exertion of the horse for the piirpose of main- 
bdning motion, wc must therefore conclude that 



I 
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the additional draught above that required upj 
a level is represented in parts of the entiq 
weight by K" x 



lut 2/ = 2 -/grA - A,, 

additional draught = - 
V 



V*h 



/ •~A~ 
Snir ^ 2r - A ' 



r ^2rh - A' 
(6) 



A more accurate but nearly the same conclu- 
sion may be summarily arrived at thus : 

Let p = the additional draught which is sup- 
posed to act constantly so as to preserve the same 
average velocity, or that the curve OHP ahouH 

I 
be described in the time — , and that the body 

V 
should have the same horizontal velocity at P 
that it had at 0. The accelerative force F wilt_ 

consequently = — . "We here denote the wl 

W 
length OP by I instead of 2^ as heretofore. 

the velocity in the direction OS was V. 



ri 



i I 
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|fec refi>re the velocity at P in tte direction SP 

-A , 

V the velocity generated by the 



Ibe r. 

* r 

■MeleratiTe force 



P ■ ^ ' 

— in the tune — 

W V 

r~h pi 

+ 2m 

r JW 

And the horizontal velocity at P ia 



-xJF._ 
T I r 

r ' W '{ r" J 



„ r-A* Umpl r-h „ 
r' W r 



Stiipl- WV'A 
WY' 



U WY^y, nearly 

r J r-4 



irF" 



«v: 



T-.a) 



m/ r-h &m.(r-h) ^ Zr~h 
Now suppose F = 5 feet ^ gecond or 3J 
miles per hour and that all the other din 
are the same as those hitherto § 
have the increased draught in 
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weight moved from a recurrence of obstacles i 
inches high, equal to 

3S.16xS.084''^54-2 13.65 
01 the draught will be the same as if the machine 
were placed upon a plane rising 1 in 13|. 

From these equations it seems that the draught 
on a road, whose surface presents a number of 
unyielding and projecting obstacles, varies di- 
rectly as the square of the velocity and inversely 
as the square root of the cube of the size of the 
wheel. 

The draught upon an irregular surface how- 
ever must be much more than that which we 
have ascertained in all cases when the velocity 
of motion is considerable, because there ie bo 
substance perfectly inelastic ; and therefore ailer 
striking the obstacle the wheel will rebound 
backwards from the obstacle with a Telocity pro- 
portionate to the relation of the forces of ttyiaol 
and restitution referable to the elasticities of the 
wheel and the material of the obstructioii> 



w 
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Moreover, the obstacle wlien struck will in many 
eases slide to some extent and thereby weaken 
the momentum which yet has to enable the load 
to Bormount that obstacle as if it had been sta- 
tionary. Again, when the velocity is but htde 
more than that which is regarded as moderate 
Bpeed, and although we omit the consideration 
of the partial elasticities of the wheel and 
obstacle, the axle of the vehicle and therefore 
the load or weight will describe the parabola 
OHP, (Fig. 29) instead of proceeding along the 
curve of the circle OHP, which it would do if 
the velocity were slow, the circle and parabola 
having the common tangent OS; but if elasticity 
fee considered it will proceed along the parabola 

OJb-P whose tangent OS is inclined to OS at an 

2 a 2 1 

tmgle the sine of which is the force of resHtulmt 

-r the force of impact. 

These investigations arc very interesting _^to 

the engineer in particular ; but the Hmits of our 

work necessarily prevent us from going as far 

into them as some of our readers might wish. 
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Ab far as we have gone the necesaity must b* 
obvious of having the road smooth and tl» 
Btonee broken to a small size. It is also 
ceptible how much the adherence to 
maxims will contribute to the diminution of ths 
wear and tear of the road itself. For let it Tm 
borne in mind, that besides the palpable increase 
of injury which the road mnst suffer 1^ tie 
percussive descents of the wheel and additional 
effort of the horse upon a surface repaired with 
large sized stones, compared with that upon the 
hke surface maintained with smEdl sized «ton«, 
we also know that the momentum of the load a 
checked more in the former case than in^ 
latter and that the check increases its injurioM 
effect upon the road itself. 

It is true that mounting the body and load t^ 
a car on springs will contribute to a certain 
extent towards reducing the draught over a 
surface which presents a number of unyielding 
obstacles to the wheels ; for while the wheel fe 
suddenly elevated over the obstaclcj yet from Ute 
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jielding of the springs, the body and load^U 
not be raised so bigh. ^Vith slow velocities how- 
ever, tbe body of the macliine as well as its load 
will be elevated and depressed just as oiten and as 
much as the wheel, and consequently the draught 
will not be diminished by the use of springs, 



^^^residi 



sides the draught upon a level i 
road oceasioued by a rough surface in addition 
to the fiiction of the axles of the vehicle, which 
latter is at all times to be encountered, we have 
adverted to another speeics of resistance, namely 
the resistance to roUing produced by the pas- 
sage of the wheels through a soft yielding 
surface. 

To a great extent upon the best common road 
as upon the worst, the resistance to rolling is 
attributable to the continual displacement of a 
portion of the material owing to its inelasticity, 
which while it allows that material to exert a 
ire against the fore pai't of the wheel will 



K 
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not permit it to rise behind and thereby propel 

the wheel by its reaction, as would be the case 
if the material were elastic. Thus the draught 
upon a Bandy, clayey, or muddy surface, although 
the vehicle etill moves in a level line, is much 
more than if it were upon a hard unyielding 
eurface. 

The more a wheel sinks into such surfaces, 
the greater will be the draught; and if we sup- 
pose the degree of elasticity of the yielding 
materials of the surface and the resistance at 
different specific depths to be known, we ofui 
calculate the whole effect of their action upon the 
wheel and the force that is required to displace 
them in the progressive movement of the 
vehicle. 

Keferring to Fig. SO, let us suppose RS lo 
be the surface of a muddy road and ZTFJahard 
substratum to which the wheel WRM will 
compress the mud in its motion towards K- 
Let us further suppose that the draught or 
power acts in the direction OP parallel to ^m 
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Iiorizoutal line ZWk, and that the mud ZWonce 
tolled OTer and compressed has no tendency to 
ziae again. 

Now it is evident that the entire weight of 
the wheel and its load is supported hy the mud 
WJt, and that the surface at any point between 
W and R will he pressed with a greater or 
lesser portion of the weight according a£ it is 
nearer or iarther from the lowest point IV ol 
the wheel. 

Take any element of the surface of the mad 
under compression as Xi, draw Xa, ig perpen- 
dicular to TR and XS, im perpendicular to WO 
Let the height WS of the point X above the 
lowest part of the wheel be represented hy x, 
and the horizontal distance SX fiom the same 
point by y, the entire depth of the rut = /*, and 
the length TR = I. Now the mud at X has 
been compressed through the height TW; if 
then we assumed that the resistance to compres- 
sion varied simply as the depth compressed or aa 
aX then the pressure, say ^ sq_uare inchj at X 
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would be to that at IK as the lines aX : TWi^ 
h- x:h. Representing the pressure ^ squs 
inch at W by f, then the pressure ^ squa 

inch at X will be_^ x . 

Again, i being very near to X, we may sup- 
pose the pressures to be alike in the two places j 
therefore the entire pressure upon the part 
Xi of the mud in the direction XO will be 

Bat the pressure in the direction XO : thid 
in the direction Xa :■. Xi: ag ; hence the vorti- 



cal pressure upon Xi = 



«/■- 



— . And as the 



sum of the yertical pressures upon all the 
elements of the smface WR = W or the weight 
of the wheel and its load, we have therefore. 

f r' f < 

W^-^x\ Ch-x)di/, = —xA,(yfhezeAl 

A J* h ■ 

represents the axea WTR) 
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Again, y - yj ^rx - x^, .-. dy = - 



But the vertical pressure upon the clement of 

surface Xi was ascertained to be j. dy ; con- 

seq^uendy substituting values of / and dy, the 
vertical pressure on Xi 



.dx 



h ' Vgrx"- a:' A -^^ra 

Now when the wheel is in a state bordering 

upon motion, the element of draught, the 

vertical weight upon the element of surface X{, 

and the resistance of that surface, will be 

severally represented in quantity and direction 

by the lines SX, SO, and XO. Therefore 

SX 
dp = - — - X vertical weiaht upon the element of 
OS 




li»=_y ih'x).dx^W. 

Ah HA 
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Now, to find the value of P in simpler terms 
ttan those of tbc depth and area of that portiott 
of the wheel which is conetanily immersed iil 
£he rut, we may substitute shl for A in the last 
equation, s being the ratio of the segmental area 
WTR to that of its circumscribing parallelo- 
gram, then P = W— = W. - 



iizl 



2z'/Wh-A' 



W 



-griJ & 



2r I Sr-jJ 



«v? 



very nearly. 



' --P, and — = 1 



Vi4 



c|v^i + i-\/i-;} ^y 



the ordim 



mode of extracting the square root of Binom 
quadratic surds. Expanding this last expressioi 



w 



8 Ik- 
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1 I 1 P IP 

1 + t — . &c. 

S r S r' 16 r" 

1 i 1 (■ If 

2'7 S"? 16' H 



&c. 



IP 5 P 35 P 

-. — + + . — + &c. 

8 r" 64 i^i 640 r* 



But as / is always less than r we may omit all tlie 
terms except the tirst in art approxiiuatiun, then 



^Vfo 



/ 4 / 



W I h 1 

2-- " 2r 4..r 



3/ 3 W^ Length immersed 

(8). . .-. P= JF _ . X --^ , 

Hr 8 Diameter of wheel 

the Draught of a vehicle through such a yielding 

sui-face. Let us talte the case of a car' loaded 

vith n ton weight and sinl^ing one inch into a 

stiff muddy surface ; W= lbs 3000, r = 27 inches, 
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.-. i = 7 . 28 inches. Hence the draught will 

P = 3000 X -^ — X - = 303i rbs. 
27 8 

If the depth of sinking were half an inch the 
draught would be 215tbs, and if the vehicle 
Eunk but quarter of an inch its draught would 
be 152tbs. 

However when the mud is of a soft or fluid- 
like consistency it will not offer so great a 
resistance as that derived from the equation (8); 
because the law of resistance to compression will 
vary as a higher power of the depth compressed. 
But the general investigation is similar in every 
instance to that above given, and wholly inde- 
pendent of the velocity of the vehicle. 

Under the supposition that the resistance to 
compression varied as the depth compressed, it 
is evident that as long as the weight and des- 
cription of BUi'face rolled over were the same, 
although the wheels were of different sizes, tho 
area of the immersed section of the wheel must 
he the same or constant. 



1 
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Kow A = — nearly, ,■, l/i ~ — ; and as A ii 
Zr 2r 

constant l/i CC 1, .'. ■ — CC 1 ; and I CC '-.V. But 



from equation (8) P CC - 



draught will vary inversely as the cube root of 
the square of the size of the wheel, or little 
more than the inverse of the height of the 
wheel. 



To whatever cause the draught occasioned by 
the siirface of the road is attributable, whether 
it be the roughness of a hard stony surface, or 
the sinkage in a sof^ Buriace or both, it is quite 
clear that the vehicle will be under precisely 
the same circumstances in all cases as if an 
unyielding obstruction R (Fig. 31) of a certain 
height were continually presented to the wheel. 
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The height WT of H must be such that 

OT : TR :: W : Friction of rolling. 
Now if there were no friction between the box 
of the wheel and the axle, the resistance would 
be in the direction MO j but as eome friction 
exists between them, the direction of resistance 
must be inclined at a greater angle to the 
Tertical, Again the direction of the resistance 
between the surfaces of the box and axle being 
inclined to the radius at an angle equal to the 
angle of friction between these surfaces, if we 
draw R V so that OmV - A - this angle of 
friction, we shall have RV = tlie direction of 
the entii'e resistance- 
Make the vertical ABta represent the weight 
W, draw DE in the direction of draught, and 
AD parallel to RV ; dien as the wheel is 
supposed to be in a state bordering upon motion, 
we shall have the draught P obtained as follows 
from the equality of moments, 

„ ,_ BD „, sin. BAD 



BA silt. BDA 
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^jio.tSAD=JtmW, and BDA=ABE-BAD 
^1 =ABE-RmW 



Bin. ItmW 



{ABE-RmW} 
Let B represent the angle BOW, r the radius 
of the wheel, a the angle OBm, i the angle of 
indmation of the traces to the plane of the road, 
and «= 180"; then iJmTT = B. ■>. a, ABE 
= — + ;, and ABE - Bm W= — + i-B-a 



= l-{--'h 






•{-"-■} 



.{B^a] 



.(9) 



COS. {B + a~i} 
The hest inclination of the traces to the plane 
of the road is such aa gives P a minimum in last 
equation. This evidently takes place when the 
denominator of the expression is the greatest, 
■ffhich ensues when 

COS. {B -f a-i) = 1, or iJ + a - »"= 
and I = it + fl 
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If f or the indination of die traces to the 
plane » 0^ then 

P=Trx?lHli^±^==Trxtang.{ll + a}(10) 
COS. U -ha} ^^ ^ 

tang. R + tang, a 



1 - tang. JR X tang, a 

From construction^ sin. of angle of friction of 

rolling = tangent of 22^ and 

mO : JRO :: sin. a : sin. OmWt^^sm. A 

: : tang, a : tang. A, 

mO ^ d 

.*. tang, a = tang. A x = tang, ii x — 

Now let 22 =* the angle of friction of rolling, 

consequently , 

d 

sin. R + tang. A. — 

2 
P« JTx .. (11) 

d 

1 - sin. R X tang. -4. — 

» 2r 

M. Morin in his ^^ Experience sur le Tirage 
des Voitures faites en 1837 et 1838/* deduces 
the following conclusions^ 
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let. The draught la directly proportional 
to the load and inversely proportional to the 
diameter of the wheel. 

Snd. Upon a paved or a hard M?. Adamised 
road the resistance Is independent of the width 
of the tire when it exceeds from 3 to 4 inches. 

3rd. At a walking pace the di'aught is the 
same, under the same circumstances, for car- 
riages with springs and without them. 

4th. Upon hard M' Adamized and upon 
paved roads the draught increases with the 
vdocity; the increments of di'aught being 
directly proportioual to the increments of 
velocity above the velocity of3.28 feet per second 
or 2J miles i^ hour. The equal increment of 
draught, thus due to each equal increment of 
Telocity is less as the road is more smooth and 
the carriage less rigid and better hung. 

5th. Upon soft roads of eai^th, or sand or turf, 
or roads fresh and thickly gravelled the draught 
18 independent of the velocity, 

6th. Upon a well made and compact pave- 
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ment of hewn stones, the draught at a waUdng 
pace is not more than three-fourths of that upoai 
the hest broken stone road under Bunilar cii 
stSBceB ; at a trotting pace it is equal to it. 

7th. The destruction of the road is in 
cases greater as the diameter of tlie wheels 
less, and it is greater with carriages uot haTuig 
than with those having springs. 

It is to be remarked that all these deductions 
of M. Morin are in perfect accordance with our 
previous investigations. 

"NVe find in the second report of the select 
committee of tlic House of Lords 1833 upon 
Turnpike Koad Trusts, Mr. Macneill has gives 
the following empirical formula for the draught 
on common roads. 



p = +^ + cV 

93 40 



Hero JV = weight of waggon, w = the load, 
F'=the velocity in feet per second, and c 
constant quantity, which will depend oa 
the surface over which the waggon is drai 



lad, 1 



affg|J 
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Hft aseertuned the value of c for different hut 
&ces as follows. 

e = 2. For a timber surface. 

^ 2. For B pBved roiuS. 

^^ 5. For a well made broken stoneroadin a drj itnte. 

= S. For the like auifaee covered witli dust. 

^ 10. For the same, wet and covered irith mud. 

= 13. For tt gravel or flint road when wet. 

= 32. For tlie snme very wet and covered with mud. 

The draught of a machine at moderate voloci- 
ties upon a roAd made upon an elastic substratum 
I euch a9 bog, &c. will not be greater than it 
' vould be were the substratum perfectly hard 
and unyielding ; because as much as the wheel 
seems to be retarded by the rise in fi'ont so much 
vill it be assisted by the reaction of the same 
behind. Mr. Barlow details an experiment in 
his work upon the strength of materials, page 
470, one of the results of which goes directly to 
confirm thia fact. 

He placed a loaded model carriage upon two 

bars each 30 inches long of drawn steel J inch 

by I- The load with the carriage weighed 134 

z2 
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ounces. The bars being supported for tlieif 
whole length by well planed pieces of wood 
that they should not bend, the frictjon of' 
carriage was found to be 5 ounces. The pi 
of wood were then removed and the friction at 
the lowest point of the curve, or midway between 
the supports, was found to he 5 ounces as before 
and no more, although the deflection of the bars 
was nearly half an inch. 

We may in perfect safety assume, witk 
respect to the draught of any one load upon a 
road with a well drained bog substratum, that 
such substratum is perfectly elastic ; because 
Uie bog cannot suffer any appreciable amount 
of permanent compression from the passage of 
the one load only. 

Before leaving the subject of draught upon 
level roads, we deem it useful to advert generally 
to the conclusions of some of our investigadons. 

We perceive the draught is owing, as was 
before stated, to the fi-iction of the axles and the 
friction or resistance of loUiag. 
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V The firiction of the axlee is invariable as to the 

V ttode of its action and will have to be always 
■ encountered. 

I The registance to rolling must also be con- 

I itBntly overcome, and is of two sortsj either or 

f both of wbich may have place even upon the 

BDme road. Thus the resistance to rolling may 

arise from a soft surface whether smooth or 

irregular or from a hard surface, if it be irregular. 

We have seen the effects which variations in 

the velocity of motion and size of the wheels as 

well as the adoption of springs would have upon 

the increase or reduction of each of these species 

I of resistance, and we are aware of the best and 

k most modern experiments in which all these 

circumstances simultaneously cooperate to affect 

the draught. 

Comparing theoretical investigation with ex- 
peiiment, in the first place, we have said that 
the draught is not diminished by the use of 
springs when the velocity is so slow as to permit 
the body of the vehicle to be elevated and 
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depressed just aa much aa the axle ; and dii) 
corresponds with experiments. We have aUs 
Btated that when the vehicle moves over an even 
soft Eiirface,ils draught ought not be affected by 
the velocity. This too corresponds with the 
experiments of M. Morin, but it is at variance 
with the views of Mr. MacneUl, for in lua 
formula the increments of traction in such case* 
are dependent upon the velocity. 

When the macliine passes over a hard irregu- 
lar surface, we have ascertained that the draught 
should increase with the velocity ; and this 
deduction is borne out by experiment. We 
have deduced (Equa. 5j the variation of the 
draught to be as the square of the velocity, but 
there is a seeming discrepancy between this con- 
clusion and the results of experiments made 
under apparently analagous hypotheses which 
would regulate the increments of traction by 
proportional increments of velocity. However 
■we must consider that the experiments of 
H. Morin and others were made upon ro ada 



Wmi to be hard yet not bo in fact, and with 
HHMip machines ; whereas had the experiments 
Hin conducted upon a ptrfectly unyielding 
I im&ce and with a rigid and inelastic machine, 
we have no doubt that the draught should vary 
88 the square of the velocity ; and wc may con- 
clude that according as the machine and rough 
roadway approach a state of inelasticity the 
more nearly will the draught correspond with 
this law of variatiou. Every road presents a 
diflferent description of surface, and if upon one 
the draught was not at all afl'ccted by the velocity 
or Taried as V° owing to its softness and regu- 
WHy, and upon another it varied as F"' owing 
to its hardness and roughness, surely as there are 
many intermediate descriptions of surface 
between these extremes so also must the draught 
upon them vary as some intermediate power, 
between and H, of the velocity. Therefore in 
general the resistance to rolling must vary as 
V, in which n is the constant suitable to each 
particular siirfnce and always lying between 
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Secondly, if the friction at the tire and axle 
be taken into consideration, let us adopt 
notation of Equa, (10), and suppose tic W= s the 
angle of inclination of the plane to the horizon. 
(See Figs. 33 & 33.) 

In this case as before the draught is in the 
direction DE, the resistance in the direction 
iJFand AD,Riid the weight in the diiectioB 
06 and SA ; and when the wheel is in a state 
bordering upon motion, these forces are repre- 
eentcd in quantity as well as direction by the 
lines I)S, AD, and BA. Therefore 

p- Tp..-"^ ^^, sin. Jg^J) 
BA sin. BDA 

ein. BmQ 



■- TTx 



so.. {ABE - SmG^ 

But RmG = g + iJ + n, ABE = - + V 

ABE- ItmG = --(S + a -i), and sin. {Afljj 
-RmG} = COS. {R+ a -i) therefore ascendingj 
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: W 



sin. (s-\-R + a) 



,.(13) 



COB. (B + a - tj 

when descending WS = Wii, and Si; is tlie 
direction of resiatance, consequently as before 

COS. (_S + a 



P=rf^x 



-(14) 



(B + a - i) COS. (fi + a - i) 

The most favourable value of i in either case is 
when C03. (5 + a -i) = Ij or i = B + aas was 
before ascertained. 

l£i=0, or the traces act parallel to the plane, 
Uien, ascending, 

P^JTx {sin. S+ COS. S. tang. (iJ + a)} . . (15) 
descending, 
P = Wx {cos. fi, tang. (B + o) -sin. -X} ., (16) 

We have here to remark that in equation (10) 
the draught upon a level was W « tang. {R + a) 
and in equations (15) and (16) it is W. coa. S. 
tang. '{R + o) + sin S. W; or the draught upon 
an incline is that upon a level *; the cos. of the 
inclination + or - the force of gravity, the posi- 
tiye sign being adopted when the draught ia 



DRACCHT UPON ROADS. 



1 



upwards and the negative wlien the draught is 
down the plane. In ordinary cases cos. S is 
nearly 1 ; and tang. (H -f a) will "very 
neaily = tang. It + tang » = tang, M + 
tang. j1 X — . Now with an ordinary waggon 

A = 4" 47' 00", and tang. A = .084 ; also 

d 1 

— = — . And upon an ordinary hroken stone 
2r .18 

roadfi = 2''l'40" and tang. J? = .0354. There- 
fore the draught of one ton upon an ordinary 
level road is 

0.0841 



P = 2240 X i 0.0354 + 



IS 



- QOtbs. nearly, 



= — very nearly. 
25 

Upon a rise of 1 in 30 the draught is nearly that 

upon a level + W sin. 3 

2240 
p = 90 + = 90 + 74| = 165rbs. nearly: 

30 

And upon a fall of 1 in 30, the draught will be 
nearly that upon a level - W k sin. S = 



i 
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P = 90 = leibs. nearly. 

30 

There great accuracy is to be observed in deter- 
mining the amount of draught, the exact values 
of ain. and cos. S, aad tang. ( B + a) must bo 
(idMtituted in the several equations (10), (16), 
lad (16). 



In places where a great deal of heavy cartage 
adsts it is oftentimes Impossible to avoid inclina- 
ttioQS of surface. It then becomes a matter of 
l^great importance and sometimes necessity to 
endeavour by some means or contrivance to 
compensate for the additional draught that must 
LCUBue from the force of gravity upon these 
';^scenta. 

j The mode we should recommend for effecting 
,ihia object is to construct such a description of 
surface in itself more favourable to draught, 
inipon the acclivity. 
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We haye seen that tiie draught is generally | 
expressed upon a level by 



p= lr>l 


f tang. R + tang. 


A 




1 nearly. 


and upon an 


. acclivity by 








P= IF. COB. 5 


'.X tang. R+tang. 


A 


— W sin, 5. IF 



in which S is the angle of ascent and R the angle 
of friction of rolling corresponding to any de- 
scription of surface. Also upon an ordinary 
broken stone surface tang. R = .0354 ; and with 

an ordinary machine tang Ax — = ,0046. 

This being so it is clear that without altering 
the weight JV or increasing the draught P we 
may vary the values of R and S and still have 
these two equations alike. Under these condi- 
tions therefore we have 

COS. S « (tang. R + .0046) + sin. S 
= .0354 + .0046 = .04 



I 
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.04 

tang. R + .0046 ¥ tang. S. = — — 
COS. S 

.04 

.-. tang. R = ^ Tan. S - .0046 

COS. j&^ 

and tang. 5" = .04 - .0046 - taug B, very nearly 

Is iS will not be a large angle, = .0354 - tang, R 

(17) Consequently, as long as the tangent of the 

angle of rise of the plane is not greater than 

J .0354, the tangent of the angle R, corresponding 

to any particular description of surface adopted, 

the draught of the machine upon the acclivity 

,1vill not be any more than it is usually upon the 

brdinary level road. 

The following Table of uniform draught 
shews the description of road surface suitable 
for different acclivities and vice versa. It has 
t)een calculated from Equation (17) in the 
following manner. 

Suppose that the greatest acclivity for a cut 

atone track is required, so that the draught on it 

Uiay not be mote than that upon the ordinary 

broken stone sur&ce without any rise. Here 

A* 3 



VK 
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JJ=0° 12' 54", and tang. B =.00378 (SceTaWc 
page 362). Then eubstituting value of tang, it 
in equation (17) 

tang. S = .0354 - .00378 = .0316 J 
or the angle is an acclivity of 1 in 31|. ^ 



TABLE OF UNIFORM DRAUGHT. 




Rate of 




Level. 
Im48i 
1 In 411 
1 in 3li 
1 in 31J 

1 in m 

1 in 28J 

















The motive powers at present made use «l 
for the conveyance of vehicles upon roads sn 
the Steam Engine and the Horse. 

So much has been written on the Steam Engini 
as applied to the purpose of locomotion that wi 
eould be expected to offer but little that is bct 
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on the subject and just as little that would be 
really useful; especially as the particular de- 
scription of Steam Engine best suited to common 
roads and which alone falls within the prescribed 
limits of our enquiry, remains to this day a sub- 
ect of dispute. For information on the subject 
of the Locomotive Steam Engine the Beadei 
is referred to the 3nd Report of the " Railway 
Commissioners, Ireland," to the work of F. M. 
G, De Pambour, and the Transactions of the Insti- 
tution of Civil Engineers, London. However we 
may be permitted to state, that from all the 
inowledge which we have been able to cotlect, 
it is not likely that the Steam Engine will super- 
sede the Horse in the work of conveying heavy 
loads at slow velocities upon broken stone roads 
Buch as we have at present, since it has been ascer- 
tained that the Horse is the more economical ma- 
chine of the two for such work even upon railways. 
Experience also justifies the hope that at no dis- 
tant period Steam Engines of suita.ble construc- 
tion will be advantageously employed for the 
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conveyance of passengers along roads of improved 
formation at quick velocities. 



The subject of Horse power is one which we 
are rather diffident in entering upon, becauee 
nearly all that has been heretofore written npon 
it, is unquestionably very deficient. In every 
one of the investigations on this subject that 
have fallen under our observation, the power 
wliich the muscles of the horso have to exert for 
the purpose of overcoming the resistance of Ilia 
own body is a consideration wholly left out of 
view; and it is in v£un that we look to such 
invest igationa for any one general expression of 
his total power, embracing his velocity, his stress 
available for draught, and the duration of his 
days work. 

In the following few pages it is not pretended 
that this very interesting subject is treated of in 
its fullest extent, yet we humbly ti-ust the 
general principles here developed will u] 



Po^ 



r 
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examuistioii be found more Bccurate than any 
hitherto advanced, and tliat the conclusions de- 
duced cannot fairly be called in question. 

If a horse is not overworked his muscles 
should not be fatigued more at the end of onn 
day than another. The days fatigue then of any 
given horse when fairly worked should be alike 
or constant. Let us denote this constant days 
fatigue by 31. 

Again, the fatigue which horses suifer for any 
limit of time, say one hour, is different under 
different circumstances of speed and stress ; and 
the length of time 2" hours which he can endure 
this fetigoe each day will evidentiy be lesB 
according as that fat^uc is greater, provided M 
at the end of the day's work remains constant. 
Representing therefore the fatigne for the limit 
of time generally by /we have in all cases 

M=fT 
now/ or the muscular exertion expressed iu the 
unit of time depends on two principal elements 
as we before now said, namely, the stress and 
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the velocity or space through which that stiew ' 
is exerted during the unit of time. The stress | 
is occasioned hy the friction of the animal ma- 
chine and the Draught of the vehicle which he 
Draws ; and the space passed through in the 
unit of time is the velocity of motion V. Con- 
sequently if wo denote the iriction of the animal 
machine by p and the available draught by P 
we have 

/. K.(P + ^} 
Substituting this value of f corresponding to a 
unit of time in the preceding equation 

M= TVx(P-^p) CIS) 

This expression involves all the objects of our 
enq^uiry; andfcom it we can obtain the available 
draught of the horse under all the circumstances 
of variable velocities and duration of days work 
or vice versa i£ we know the values of itfand p. 
Eespecting the value of ^, it will be evident 
from a little consideration, that it consists, like 
tiie Iriction of the mechanical machine, of three 
species of resistances, viz. : the iriction of t 



[ 
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bof the animal, that occasioned by the 
„j Jig of the ground beneath his feet, and the 

' loss of momentum incurred at each Step, similar 
to what takes place with the vehicle when it 
'meets a projecting obstacle upon a road. To 
I explain the general movement ofthe horse we 
I shall refer to Fig. (34). It appears that when 
^le is about to move, several parts of his body 
have a tendency to describe the arches of circles 
whose centres are hia feet and radii the length 
of his legs, and as he continues to move, those 
different parts arc inclined to describe a succes- 
" mon of such arcs. Thus confining ourselves in 
the first place to moderate velocities, the path 
I* which those parts of the body are inclined to 

r describe is represented by the lines 0, 0, 
I " I I z 

f O O, &c., where 0, 0, 0, &c. is the lower joint 

I of the humerus or the stifle joint oi \he femur 
or tliigh, and R, S, It, &c. the feet of the 

' animal. At a quick pace when the horse trots or 
gallops, the path described will be so many 
curves of a pai-abola. Thus we see that a por- 



1 
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tion of the momentuni muEt be lost at each step 
on account of the mechamsm of the horse, as 
his motion will be analagous to that of a •whed 
going over a number of obstacles, for the mo- 
mentum in the direction JS(Fig. 35), will be 
less than that acquired in the direction J S, and 
one set of muscles in the descending portion JJ 
of each step must generate an additional velocity 
that will compensate in part for this consequent 
loss, while another set compensates for the re- 
maining part by yielding to the weight oftlie 
body in the ascending portion //. 

It would appear therefore that the resistance 
from the change of direction of motion which 
thus takes place at each step must be very con- 
siderable (see Equa. 5) and that it is of such a 
nature as varies directly as the square of the 
velocity, if we confine ourselves to the considera- 
tion of an external agent of locomotion, as that 
of an external pressure or di-aught which acts 
from without any machine moved and theif 
maintained in an uuifoi-m speed. But h 
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) of the animal macliiiie the muscles of the 

y (principally those adjacent to the Humerus 
imd TiheaJ which are the source of power, are 
liOtemaelves moved forward at the velocity of the 
i^ltorse, and consequently the stress upon them 
iibr overcoming this species of resistance will 
ifVary hut as the velocity. 

[ To give a further proof of our views rcspect- 
' ing the muscular power which must he expended 
in maintaining the momentum we have in the 
first place to refer to page 240 and to state that 
the resistance (in the simple acceptation of the 
term) to uniform motion (no matter hy what 
[^agency that resistance is overcome) is affected 
'by the same laws in the case of the animal as 
the mechanical machine, and consequently must 
vary as the square of the uniform velocity main- 
tained. It was shewn in that part of our work 
that the constant pressure which must be applied 
to the machine varies as the square of the velo- 
locity or V^ and may be expressed generally by 
^ F"' in which g represents the constant suited 
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to a. particular case which defines the general 
variation. Now if the agent were an external 
force, such as a weight passing over a pnUey « 
a steam engine, the work expended in moTinj 
the machine a unit of space S is evidentij 
represented by the pressure x the space passad 
through OT Sx ff V^. It will also be evident iKat 
the muscular work of the horse expended in 
maintaining the like pressure g V on his body 
will be represented by ffV^ x the space throu^ 
which the muscles acted oi rather were expanded 
Again ceteris paribus we know the space 
through which the principal muscles will have 
expanded themselves in the passage of the hoia 
over a unit of space, say one mile,varies as, the time- 
But the time CC - — ; tlierefore the muscular work 
V 

expended in maintaining a uniform momentum is 

1 

expresssed hy gV^ x — =gV. Consequently^ 

stresB or muscular work corresponding to aq| 
pf space generally varies as V or the veloci^ 



l: 




lience if this stress is represented by c in the 
cases of horses of ordinary siee, moving at the 
rate of 2i miios per hour, it must be represented 
at any other velocity Kby 
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.(19) 



Si 

The amount^of friction of the joints of the horse 
■we have no correct means of ascertaining ; but the 
resistance to motion from such a cause can be but 
Tery little, Kcasoning, as we have done before 
now, for the determination of the resistance due 
to the friction of the axles of machines in general, 
and supposing the friction of the rubbing surfaces 
of these joints not to be more than that of like 
surfaces of best mechanical workmanship, this 
resistance may be expressed by 

w 1 _ 1000 

ZQ 40 800 
in which expression the length of the horses leg 
is supposed to be 40 inches and the diameter of 
the joints 2 inches, and w or the weight of the 
horse 1000 lbs. 



= n tbs. 



, .(20) 
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The resistance to motion occasioned by A 
tinkage of the feet in the grouud although « 
importance when the surface is penetrable tarn 
considerable degree, yet will be found of li 
moment upon a road in an ordinary travellal) 
state of repair. It is evident the extra n 
exertion which must be spent in all such Ci 
above that necessary upon a hard surface is equal 
to the amount of taork expended in pressing the 
horses feet through the surface upon which he 
walks. 

Let us represent the greatest depth to whidi 
the foot sinks by D, any lesser depth by «j the 
■weight of the horae by w, and suppose the re- 
sistance to vary as the »'* power of the depth 
penetrated. Then the wor/i expended in confc 
pressing an element of depth is 

^'dx 

dw = io X 

i)- 

W r, D 

.-. MJ = X I Z" dx=> W. 

D- Jd n + 1 

This expenditure of power occiirs at eadi ft 
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or length I passed over and is equivalent to the 
force of gravity upon a plane whose sine of angle 
D 



of acclivity is - 



The resistance from 



I. (n + 1) 

the ainkage of the feet will therefore be the Bama 
as the constant stress. 

D 



.(21) 



t(»+lj 

I To exemplify this, suppose in ordinary caeei 

j ' D = Jth of an inch, / = 30 inches, and n = 2. 

The expression will then be 

1 1000 
1000 y = = SJ!bs. 

30 X { 2 + 1) 360 



If we noiy connect equations 19, 20, and 21 
and substitute the value of ^ obtained therefrom 
in equation 18 we have 

V 

m) . . . . jy= ZT X (p + c — + 4). 
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Now let us suppoBG that an ordinary good horse 
is capable of drawing on a level road, ii 
usual days work, one ton weight besides the 
at a velocity of 2J miles per hour for 6 hours, 
and that four other such horses under like 
cumstaucea draw a stage coach with passengers, 
&c. at a velocity of 10 miles per hour a distance 
of 8 miles or for Jth of an hour ; the value of P 
will in the former case be 120tte, and in the 
latter 40Ib3. Inserting these resjJective values 
of T, V, and P in equation (22), and observing 
that under all chcumstances M is constant, we 
therefore have 

15 X (124 + c) - 8 X (44 + 4c) 

17c = 1508 

.-. c = 88.8 

.-. 15 X (124 + 88.80) =jlf= 3192 

Substituting now the obtained values of c i 

il!f in equation (22) 

TVx (P + 35J V+ 4) = 3192. . . ,(!M 
In these calculations let it be remembered t 
Trepresents the duration of the day's work J| 



irseT 
his I 
car I 
iirs, 
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iotir*, Vthe velocity in miles per hour, and P 
le stress in pounds avoirdupois. 
There results from equation (23) tlie following 
adependent exprcBsions for level roads : 



P {351 y+i) ■••• (24) 

TV 



3198 


.(25) 


r><(P + 35J K+4) 


/90 (P+4)" P+4 
'^ T* 6041 71 


..(86) 



To give an example. Let it be required to 
End the available draught of a horse upon a level 
ICoad, if he draws at the rate of 5 miles per hour 
lor 3 hours each day. Here V = 6, and T= 3. 
Bubstituting therefore in equation (24) 
3192 



- - (35^ X 5 + 4) = Sljtb. 

3x5 

Again let it be required to find the velocity 
■with which a horse can accomplish his days 
•work when he draws for 2 hours with an availa- 
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ble force of 40tb8. In this case P = 40, >ii3 
T=2; then substituting in equation (26) 
/90~ 



5041 



71 



t miles per hout. 



It is evident all such deductions as those we 
have now obtained must be confined within 
certain limits. For instance the constitution of 
ordinary horses renders them unable to exert a 
greater available power of draught than about 
SOOlbs, to endure a longer days work than about 
8 hours exclusive of the time occupied in feed- 
ing and resting, or to attain a higher velocity 
than about 15 miles per hour. 



From equations (15) and (16) the stress on a 
horse attributable to the motion of his load W 
up or down a hill which is inclined at an ang 
S to the level is 

"Wx {cos. 5 X tang, (fl 4 



Assuming tang. (jB + a) = — 
25 



a) ± sin S} 
1 ordinary cat 
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a.Bd COS. S^l, this expression will become 

TTxf— isin/S.!. 
\25 / 

Going down a hill when sin S is greater than — 

25 

the expression becomes negative, which shews 
that the stress is in an opposite direction to mo- 
tion for the pui-pose of keeping the load within 
an uniform velocity. Under any circumstances 

therefore the resistance of the load will be 

TV 



on a level, P 

25 

ascending, P = TVx i — + sin aSI ) . . . . 

descending i P = W y^ [ — * » sin./S] 

\25 



X27) 



-^ 



In like manner and for the same reasons^ the 
value of j!> or the stress which a horse suffers in 
moving himself will be 

On a level p = 35| F+4 \ 

Ascending j» = 35| F+4 + tf; sin. S. . > (28) 

Descending p = 35 J F+ (4* %w sin. S) ) 

If we substitute in Equa. 23 the particular 
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values of P and p obtained from the expreMsions 
(9.1) and (28) we will Kave tbe following three 
general expressions from which V, W, or Tmay 
be determined in the case of tiaceiiding and 
descending as well as level roada- 

OnahvelTVy. | — + 35| r+4 1=3192. .(S9) 

Ascending TV x 
{ JT/ (tV + sin. S) + 1000 sin. 5'+ 4 + 35 J V) 
= 3192 (30) 

Descending TV x 

{WxWi .Bin5)4(4-^^1000sin5) + 35jr} 

= 3192 (31) 

That part of our expressions (39), (30), and (31) 
which ia contained between the braces (or P+^) 
is the intensity of the muscular action ; and we 
should think its maximum value ia general for 
a day's work cannot exceed that of a horse which 
draws a net load of S tons, or a gross load of 
5500n)s at 1| miles per hour on a level road- 
According to this supposition the maximum 
value of the intensity of action would be !27TttM 
in an ordinary day's work. 




r 
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' 'ITie following Table shews the velocities with J 


which an ordinary horse can draw different loads | 


for 8 hours a day on a level road. 




Duration of Days work 
S hours. 


j Duration of Days work 
1 8 hours. 




FrictiDii j'jth of groae loai 


Friction ^J^th of gross load. 




lOUlillllH 


Draught 


I'S 


LsHb. 


loart in IbE 


Velocity 
pei ham. 


Noload 





3.29 


3250 


130 


1.96 


250 


10 


3.14 


3500 


140 


1.89 




500 


20 


3.C-! 


3750 


150 


1.82 




750 


30 


2.92 


4000 


160 


1.76 




1000 


40 


2.S0 


4250 


170 


1.70 




1250 


50 


2.GS 


4500 


ISO 


1.65 




1500 


60 


2.57 


4750 


190 


1.60 




1750 


70 


2.47 


5000 


200 


1.55 




2000 


80 


2.36 


5250 


210 


1.50 




2250 


90 


2.28 


5500 


220 


1.45 




2500 


100 


2.20 


6000 


240 


1.36 




2750 


110 


2.11 


6500 


260 


1.29 




3000 


120 


2.03 


7000 


280 


1.22 




With respect to the construction of this Table 




we do not deem it necessary to say anything fur- M 


ther than ihat it is calculated from the expres- M 


,^m. 1 


fc J 
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A subject of great importance presents itself 
to our notice here ; namely, the determination of 
the effects of inclinations on roads where hone 
power is employed as the means of transport. 

We all know even without going into calcu- 
lations that an up and down road, when the 
inclinations are at all considerable, cannot be so 
favourable for the draught of heavy loads as the 
level road, because the advantages to be derived 
from the descent do not compensate in fiiU for 
the disadvantages from tlie ascent. Our object 
now is to determine with accuracy the amount 
of this deficiency, with the view of enabling us 
to form a just comparison between different lines 
of road connectuig the same termini as well as 
to ascertain how much the engineer would be 
warranted to increase the length of road for the 
purpose of lessening the inclinations or obtain- 
ing a level. 

If one ton be assumed as the net load of C 
horse, his gross load will be 2240rbs. + 7601b8, 
the weight of the car, = SOOOIbs, and if 8 houra 
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be taken as the duration of Hs day's work, then 
according to equation (30) his velocity ascending 
a plane of 1 in 40 will be 1.45 miles per hour, 
and with the same load upon a level it would be 
S.03 miles per hour. Thus while he advances a 
distance of 1.45 miles up the inclination he 
■would have been able to travel 2.03 miles on a 
level; consequently the carriage on 1.45 miles 
of the ascent is as expensive as on 2.03 miles of 
the level. And 1.45 : 2.03 ;: 1 : 1.4 miles, the 
length of a horizontal plane which is equivalent 
to 1 mile of the ascending plane of 1 in 40. 

Again, descending the same plane with the 
same load, the velocity wiH be (Equa. 31) 2.55 
miles per hour. Then 2.55 : 2.03 : : I : 0,79 
miles, the length upon a level equivalent to 1 
mile of the descending plane. 

Therefore ascending and descending 

1.40 

0.79 



equivalent bgiiioatal plans. 
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From tliis we see that 10 miles of a road 
having a plane or a continaed succession of 
planes of 1 iu 40 is equivalent to nearly 1 1 miles 
of a level road. 

Tlic following Table of equivalent horizontal 
planes has been computed for other inclinations 
in a similar manner. It is however necessary 
to state that all acclivities greater than 1 in 25 
were reduced to that inclination by increasing 
the unity of length, because the muscular stress 

3000 

of the horse on that rise is 1- 120 + 4+42 

25 



= 286!bs, being about the utmost he could 
endure, and if the rise is steeper, he must go 
partly irom one side of the road to the other so 
as to bring the stress within that limit. For the 
same reason, all declinations steeper than 1 
9.8 were reduced to that plane. 

For instance upon a rising plane of 1 in 10 
the muscular stress upon a horse is equal very 
nearly to the draught on a level + the force 



.1 
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8000 



rrayity from the incUne. or 120 + 4 + 42 
^ 10 

B 466Ibs, which far exceeds the limit of his 

power. In such case therefore he must in ad- 

Tancing 1 mile directly up the inclination 

traverse from side to side an acclivity of 1 in 25 

and actually travel a greater distance. 
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Table elicwing tlie Lengths of Horizontal Liitei 1 


equivalent to several Ascending and Descending 1 


Planes ; the length of the Plane being unity. 1 




An ordinary Horse supposed to work 8 Lours a 
day, and to draw a gross load of SOOOlbs or a net 
load of 1 ton. 


PULNES. 


EaiTiVALKNTHORlZONTAI. LINES. | | 


Asceodtne. 


UawenilidB. 


Meu.(ifU»Cm. 


I in 5 


8.32 


3.27 


fi.79 




10 


4.16 


1.65 


2.90 




15 


2.90 


1.06 


1.98 




20 


2.0S 


0.83 


1.45 




25 


l.CG 


0.70 


1.18 




SO 


1.65 


0.74 


1.14 




85 


1.4i 


0.77 


1.11 




40 


1.40 


0.79 


1.09 




45 


1.35 


0,81 


1,03 




50 


1.31 


0,B3 


1.07 




55 


1.2S5 


0.84 


1.062 




60 


1.261 


0.853 


1.057 




65 


1.238 


0.860 


1.049 




70 


1.215 


0.871 


1.043 




80 


1.194 


0.879 


1.036 




SO 


1.173 


0.890 


1.031 




100 


1.154 


0.S98 


.1.026 




150 


1.103 


0.919 


1.011 




200 


1.074 


0.931 


1.0025 




Level. 


1.000 


1.000 


1.0000 


^ 


„ ^^ ^ 
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The length of an Horizontal Eoad which 
would be equivalent to a Hilly one, such as 
A.B C D and the section (Fig. 36) may at once 
be ascertained, by multiplying the length of each 
plane reapectively by its Tabular numbers, as 
given in the fourth column of our Table of 
equivalent Horizontal Lines, and adding the 
products together. The sum will be the required 
length of a level road which could be ti'avelled 
over in the same time and with the same expen- 
diture of power. 

Thus supposing the intercourse to be as much 
in one direction as in the other. 

JTm *"/■ ^m^ "f^"""', J-' ! ^-SO Mae,, 
bular No. for a ir^lane ot 1 m 10 is ) 

From B^a C,\\ miles x 1.98, the ) „ q_ -f,., 
TabularNo.foraPlainof linl5,isj ^■^^^■ 

From Cto D, 4 miles x 1.45, the 1 - q- ,,., 
Tabular No. for a Plane of 1 in 20,is ] ^'^^ ^«^- 

Equivalent Horizontal £oad. . 11.67 Miles> 
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Chapter X. 



The Act 6th & 7th "Wra. IV. chap. 116, com- 
monly called " The Grand Jury Act" regulates 
the system under which Couuty Roads are made 
and maintained in Ireland. The foUowiiig 
extract contains some of the principal section! 
of that Act. 

TKISH SOAD ACT. 
156 — And be it enacted, that tbe driven of ever} Und and 

tpeciea of vehicle, and oil peraans riding or driving aof 
animal or animals, ladec or unladen, on any road, or in an; 
Btceet of any city or town in Ireland, shall keep their left 
hand side of the road or atreetin going and coming thereon, 
leaving the other side free to nil other passengers; andnhen 
they may have occasion to pass any other persons going in 
the same direction viWa themselves shall in bU eases wbere 
it is practicable take and go on t!ie right-hand of such per- 
sona; and OD every cart, car, Or other carriage nithout 
spiings, on any road upon which his Majesty's mails ore 
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conveyed in coBchea, or any other road being a counly road, 
the name and jumame and reiid^nce uf the oviner of lucll 
vehicle sbnll be iiaioipd in wkitc Roman letters ooc inch 
long at the ka>[ ; und every car or cut drairn b] one bone 
■hall have a double rein extending bock to such car or cart ; 
and if any person shull nilTulIy refuse or neglect to drive or 
pass in manner afores^ud, or if any person shaU drive anj 
vehicle on any auch road wUcreon llie name ot the owner ii 
not pointed, or witliout a dci'.bie rein as aforesaid, it shall 
and may be lawful for any magistrate, constable, or turnpike 
keeper, to stop and detain such offender, and the vehicle 
and animal or animals onithich or withnhich such offender 
shall be, and fortbivith to carry n: convey BUfh offender 
before any juiiice ot the peace for the county where such 
offence shall be committed, or fur any persou whaUoever to 
lodge information ogiunst such offender before any such 
juatice 1 and upon being convicted thereof upon the oath of 
one credible mtneu, every such person so offending sliall 
forfeit and pay any sum not exceeding ffve shillings, to be 
levied by distress and sale of the goods and chattels of such 
offender, or by distress and sole of the carriage and horse or 
horses or otlier beasts, and the goods ithercia or thereon, 
vhercnith sueh offender shall have been travelling at the 
time of such offence, such distress to be made under the 
hand and seal of such justice, rendering tlie overplus (if any) 
after deducting the said fine and expenses of such distress 
and solo to tlie owner or owners, on demoudi one lialf of 
the amount of the penalties so levied to be paid to the 
informer, and the remaining half to the minister or curate of 
the parish in which such oU'ence shall be committed, for the 
use of the poor of such parish ; and if dintresa sufficient for 
such penalty orpenaltic.^ shall not have been seized or found 
it shall and may be lawful for' such justice, and he is herebjr 



£96 UtieH BOAD ACT. 

empowered aod required, to commit aucii offender bo co 
victed to the common gaol for any time not exceeding 01 
calendur montli, unlei.j Mxth off^ader shiUl looner pay and 
satisfy the siiid peniilty or penalties; and every persoo 
offendijig as nforesrid shcl' likeirise be liable to pnymil 
satisfy the damages y^ 'cit s!iall happen in consequence of 
any such neglect or default as aforesaid. 

157. — And be it enacted, that no house or part of 
a house, shall he huilt within thirty feet of the centre of mj 
road, or within fifteen feel c" t^e side thereof (eiceptii 
the streets of corporate or marlcet towns; and thatifany 
person shall offead herei^i, every Bach person shall upon 
conviction before any justice of the peace forfeit and pay 
the sum of ten ponni'.s, and the further sum of twenty shil- 
lings for every week after such conviction until the same 
sbaii be pulled down or removed; and no lime kiln or wind- 
mill shall he built within one hundred feet of tlie centre itf 
any public road [ and i'. s!idl be lawful for Bny justice at a 
general sessions of the peace to direct any house, lime kiln, 
or windmill built or building contrary to this act to be pulled 
down and to issue their orders to any constable or constables 
for that purpose, which order every chief and other coaataU* 
shall aid and assist in executing; and the centre of there*! 
for the purposes of this act sliall be deemed to be the cenH 
of the part thereof made with gravel or small stones. 

las— And be it enacted, that it shall be lawful tortBf 
person whatsoever to seize and Impound, or cause to bt 
seized ^Dr tmpoundcii, any iwinc or beast which ahtU bs 
found wandering upon any pnbliu rood, or about the ilreet 
or passages of any town, incase the owner thereof shall no 
be known; and it shall be lanfU for anyjuEtice of thepeta 
to fine the owner of such snine or beast any sum not M 
Meding two shillings, and in coae such penal^, nd If 
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I eipeniei of imiiouiiAiiig and ilctiunicg the Bome, when it 
■hal) be so impoiiuded, shall not be puid within four days 
after imposing aucli fiue, or after impounding the same, to 
I cause lueli snine or beast to be sold, und out of tlie monejr 
Riizing from [lie side thereof to pay such penulty, and ex- 
,; {KQaes ofimpDmidbg, keeping, nnd selling the same, ren- 
|< deling the overplus (if any) to the owner, due notice having 
p been previously given of sueh sale, in which shall be inserted 
I'the name of the pariah and townland ivhere such snine or 
|i beast was seized, nhicli noticR shall be posted up in some 
' eompicuous place in the parirh vhere such beast was seized, 
and at the place where impounded, forty-eiglit hours at the 
least before the time of sale. 

159— And he it enacted, that if any person shall scour, 
deepen, widen, or fill up any ditch or drain ou the side of 
any rood without the eonaent or direction of the county 
■UTTcyor i or if the owner or occupier of any londa contiguous 
to any public road !,1ial] omit to scour any ditch or drain 
, leading from such road, ao as to allow llie water to pass 
Away, within ten days after Notice shall he ^ven to him or 
her »o to do by such surveyor or by tlie coutiactor for the 
rep^rs of such road, or shall suffer the passage of the water 
to be obstructed liy making or leaving any way or pastage 
from any road into the lands adjoining bis or her house, 
without a sufficient pipe, sewer, or gullet underneath it ; or 
if aoy person shall ride or drive any korae, beast, or cattle of 
any deacriptiou willingly and unnecessarily on any footpath 
or shall steep or dry any Sax, or burn any bricks or lime, or 
any weeds or vegetables for ashes, upon any public road, or 
within thirty feet of the centre of any such public road ; or 
■hall make any kind of fire on any public road ; or shall cut 
turf or make any turf stack ujion uuy public rood or within 
thirty feet of the centre thereof; or build any wall or jaake 
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any ditrb, or dig any pit or drain, on any public nwd, U 
vithin thirty feet of the centre tlicreof. unless by authori^ of 
a preaenlment; or shnil Icy any dirt, dung, turf, xtrav, rub- 
biah, OT icQurings of any ditches or driilns, or any stonei, 
bricks, timber, sand, stay, or lime, on any public road, or 
within thirty feel of the centre thereof; or shall leave on 
any public road any plough or harrow, or any cart, car, 
dray, or other carriage, without the borae or borses or other 
beast or beasts beingbarociwd thereto, unless such carria^ 
shpll have been ecciden'-sUy bro'ien down there ; or shall 
spread any linen, blanket, or cloth for winnowing comirilliin 
thirty feet of the centre cfaay public road; or shall lea»e 
any dead beast on any ,-o-i, o- wiibin thirty feet of the een- 
tre ttiereof, unless in ~ 'iouae or yard euctoHed with walls; 
orshallheat any Co ., or thx-liorwinagwan7eom,orerect 
any may-pole or msy-^uf:!, qi sign-post, on anyroad; or 
shall keep say c; ■-'?", mint;", or bnll-dog, wiUiont 
having ft block nf --CO'' ^' f^i weigh;of five pound* al the 
least fastened to '^e neck cfsu':!:. doe;, within Gfty yards of 
any public rood ; t>r j:^ 11, wi^^out the consent of such sur- 
veyor or contrae'cr, "l- ,^; r^iypuhlic rocd, or cut any sodi 
or turf on the !^de of any such road, or take any earth, d^ 
stone, or gravel t'le.-e^aai ; or 'hall lead or drive any car of 
carriage -.Jith fcn'.-er, 'jomiI'i, ct L-ou Inid across, so as that 
■ither end shall proiect tv.'O feet beyond the wheels or lidei 
thereof; or shell •st:7 any tL-nber or stones along any part 
of a public road, wit'nut ^eiag supported by wheels froB 
toucliing the same i every person so offending shall, upgn 
conviction by oath of one credible witness, before any juitiue 
of the peace within his ji;risdiction, or upon ;ha view of »nj 
justice, forfeit and pay a sum not eiceeding twenty shillingi 
for every aucb offence; and it shall be luTpful for any such 
turveyoT or contractor to Sil up any ditch or drain whl<A 
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■hall he scoured, deepened, t 
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out such dirt 
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drain or ditchleodingfrnm an/ road wliich shall hi 
to be scoured or deepened after such notice as aforesaid, 
•nd to remove any way or passagi; from any road into any 
adjoining land or to any hou;e vhich mty obstruct the free 
passage of the water, and to re-make the same by building 
a gutter, aewer, or arch thereiii \ and it shall be lairful for 
any such surveyor, or fot any other person by the order of 
»ny justice of the peace ortny such surveyor, to remove any 
brinks, or weeds, or vegetable^, for making ashes, or other 
materials, which shall ba bumir.;{, or any flax which shall be 
steeped or drying, contrary to the provisions of this act, and 
to pull down any sign-post, m.-j-pok, or may-bush, and to 
pull down or fill up and level any wait, drain, or ditch which 
■hall be built or made, or beguii to be built or node contrary 
to thil act, end to remoTC the carcase of an? dead beast 
which shall remain in cr ucelt any •lubtic road contrary to 
this act, and to levy the expense of so doing hy distress and 
tale of the goods of the offender, or of the occupier of the 
lands adjoining tiie place where suchDuiaancc shall be com- 
mitted, rendering the overplus [if any] to the owner, after 
deducting the sura of one auiliiag iu the pound for tha 
expense and trouble of tailing such distress. 

1G2 — And be it enacted, thai every county surveyor and 
every contractor for any work to be eieeuted by grand jurj 
presentmeuC, shall have power and authority to dig for, raise 
and carry away, in or out of any lands, not being a deer 
park, bleach-green, orchard, walled garden, haggard or yard, 
or planted walk, lawn, oraveni;e to a mansion house, any 
gravel, stones, sand, or other matenols, whether the same be 
found in the wme or any Biljoiuiiig cotin^, which m^ he 
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wanted for the buiWinp, rebluMing, enlir^ng. or repnl 
any bridge, arrh, gullet, pipe, orwnll, or for the niak 
repLurmgi or preserviog any road or foot-path ; and t 
Hurveyor or contractor is hereby fortlier empowered to tn 
drains in order to carry off water which might injure 
bridge, gullet, arch, pipe, wait, or road, in or throu^ 
Innds, not being a deer pnrk, blcadi-green, orchard, <•> 
garden, haggard or yard, or planted walk, lawn or avi 
a. mansion house, and shall make such Eatisroction 
damage done thereby, of hy tahing any such 
aforesaid, as shall be assessed by three substantial 
holders which householders shall view the grontid 
diately prevloua to and immediat^lv iiRer such 
shall be committed, one of such bona 'Scolders to he named 
by the owner or occupier of tbe lauil, ftad anothfrby the 
surveyor or tontraclor, and the third by any neighbouring 
justiceof the peace; and in case any aw^eyor or contractor 
shall refuse, or after four days notice in writing from snch 
landholder, neglect to name a householder on his port, then 
one shall be named for him by such justice ; and such three 
householders shall be sworn by such justice of the peace 
{preTious to the damage being committed) to be apprmseu 
of such damages Od may occur, and to make a true estimate 
thereof, in which estimate IheTalue of any stones, gravel or 
other materials shall not be included, but only the waste 
committed hy breaking the surface and making a passage 
through the land, unless where such stones, gravel, or mater- 
ials shall he taken from any quarries and gravel pits bona 
fide demised with liberty to work the same : provided never- 
theless, that it bIipU not be lawful for any such contrtctor 
or surveyor to enter any lands for any such purpose agaJnlt 
the will of the occupiers thereof, without the previous otte 
of ajusticeof the peace, which order any such joatiwb 
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llierebj authorlied and required to grant on its bsin? proved 
'to hUsatisfuction, that thE gravel, Etonci, or other msteriall 
<K>ngbt cannot be conveniently procured elsewhere, Dor such 
'drain othericiae sufficiently made or cleansed. 

163 — And be it eoncted, that it shall not he lawful for any 
fanOi surveyor or contractor to dig, roise, and carry away any 
Ijgravel, stones, sand, or otltcr materjali from tbe side of any 
IpublLcroad, or from any beach or a^a shore, whereby a public 
iroad, or bulwark, or defiance to any buildin;, or any land 
■adjoining any road, may be injured ; and that any person 
If-who ahall be convicted thereof, on the oath ofone or mora 
Ifcredible witnesses, before any justice of the peace, shall for 
^[Crery such oCTence forfeit nud pay a sum not exceeding five 
nbillingB for every cart load of such gravel, stones, sand, ot 
[>Dther materials, so dug, raised, or carried airny, to be levied, 
l' by warrant of distress under the hand and seal of such 
.JniticG, off [he goods and chattels of such offender. 
I 16* — And be it enacted, that if any person shall wilfully 
. prevent, assault, or threaten to assault any surveyDr or coo- 
' tractor in the execution of his duty, or any person or persona 
' employed by proper authority in surveying or measuring, or 
; laying out any line intended for a new road, or if any person 
■hall wilfully destroy, pull up, deface, or injure any survey- 
or's instruments or implements used In public works, or any 
milestone, niilepost, or direction post, or any bridge, bat- 
tlement, wall, railing, mound, or fence, erected or repaired 
by presentment, or shall wilfully hrealt, deface, pull down. 
Of take away any stones out of any such battlement, wall, 
mound, or fence, or out of any court-house, gaol, house of 
correction, pier or other buildings, or out of any bridge, 
pipe, arch, or gullet, built or repaired by preseiitm cut. every 
person so offending shall forfeit and pay for every such 
offence, upon conviction by the oalh of one credible witaeu 
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before nay two justUei of the peace at petty uasloni, * 
lam not exceeding ten poundi OS the said jiulices thai) iMnk 
fit ; nnd in case Ihe same shall not be paid. -such jusliCMBre 
hereby emponered and required to commit such offender to 
any gaol, brhlewell, or house of correction, for any time not 
exceeding three months, or until the said forfeiture shall be 
paid ; and it shall be lanful for tbe treasurer of the coun^ 
in whith any such injury mBy have been done, if directed bj 
the Grand Jury so to do, Co oommencc and prosecute IB 
action on the case against any penion or persons by whOBi 
■uch injury may have been committed, and for rcGOTecia; 
of damages to the amount thereof from aneh person or per- 
sons for the use of (he county, and when the damage* 
sought to be recovered da not exceed tbirC; pound,' tone 
for the same hy civil bill before the assisttut barrister, vid 
in every such proceeding the property so injured or de- 
stroyed shall for the purposesofsucb proceeding be deemed 
to be the property of such treasurer. 

IG5 — And be it enacted, that in cqse at aay time hereftfler 
any public woric erected or repaired by presentmeatof s 
{rand jury, shall be ivantonly or maliciouriy datuaged ol 
destroyed, It shall be lawful for the eonnty surveyor and be 
U hereby required to apply at the presenting seisioai of the 
district in nhich such nork is or vias altouCe, holden ntfX 
after (he discovery by him of such damage or deitrucdoOi 
for the repair or reconstruction of such nork, and suchptD- 
ceedings shall be had on such applicatioo as on any otbtr 
application by such surveyor, save only that in case anr 
ppeientmccl shall be made by the grand jury in coniequnec 
thereof, tbe amount of such presentment iball be leritd 
either off the parish in which such nork is or nsi ntnate, or 
such portion thereof as the grand jury shall thfaik proper. 
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The Highways of tlie County of Forfar in 
Scotland are managed under the Act 50th Geo. 
iEII. chap. 130, which has worked very advan- 
Iftgeoiisly. The following are among the priti- 
^Btpal Sections of that Act. 

17 — And be it ennrted, thnt the truUecs, or any three or 
■ more of them in tlir said diatricW. at their first meeting, or 
njr adjourned meeting, shall he empowered to name a 
]preies or chairnisn of ihcir meeting, and a clerk during 
pleasure ; luid tliat the; shall superintend and have the 
direction and cognizance of the several roads and bridges 
vithia their respective disttiets ; and shall have potver to 
appoint the otict in ivhich the same shall he made and re- 
paired, and to appropriate the monies and services to be 
eiacted and raised by virtue of this act from each district, 
but in such a manner tliat tlie money or services exacted 
from each parish shall be laid out upon the roads of that 
parish only, unless two thirds of the trustees having property 
ia any pariah shall agree that the whole or any part of such 
money or services should be applied to other roads ; and 
provided that the money or services assessed upon or 
exacted in country parishes shall he wholly expended or 
applied on roads not turnpike, excepting the money levied 
in hurgh and upon burj^h roods, which may be laid out as 
herein-ttflcr provided, and also Mcepting the sliare of each 
parish in the expenee of clerlis, collectors, and surveyors, 
overseers, and other officers, which proportion shall be 
TEgukted hj the diatrict mHtingi. 
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21 — And be it further enacted, thai if any dbtrict s 
neglect or omit to lay before aaid general i 
necaunt of the application of the asse: 
tion money of the preceding year wilhin tint clLitriet, in I 
case the said general meelitig are hereby empowered t 
required to appoint a committee of their o' 
inquire into the cause of the said neglect, a 
them St their next genera] meeting, o 
meeting; and if it sliall appear that the Inuteea of the 4 
district have neglected to meet, or to levy the w 
for the preceding year, or shall have neglected to loy out 
■uid money upon the repairs of the roods and bridges aflec 
having levied it, in that cose the said general meetiag ne 
hereby empowered ond required to nppoint a collector^ 
collectors, aud to levy the said iissesiment and compoHtM 
money, and likewise to name a committee of three Ol 
of [heir own number, who shall be vested with all 4 
powers given by this set (o the district meedngi, foitf 
appliealion of said Bsjcssment or composition money to 
the repairs of the roads and b ridges .williin the n 
parishes where it is levied. 

33— And be it further enacted, that the said ti 
their general or district meeting, or a quorum of tl 
which is hereby declared to be seven at a general meetii^ 
and three at a district meeting, shall, and they are heH 
authorized to cnosc the highways or roads, bridges, i 
ferries, within the snjd county, to be amended, widened, ■ 
repaired in such manner as (hey shall think proper; b 
cettle the direction of any of the said roads ; and to mall 
cause lo he made, causeways ; and to cut o 
ditches, or trenches through any grounds lying contigO 
to the said roads; and to make passage for the t 
wbere it shall be found necessary, from such ditches 
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trciiclics through the ground of anj adjacent proprictori 
Bn'l dI&o to keep dear audi drains, ditches, pasinges, or 
□ idlcts; and the worlimeLi, authariied by them, mny go 
upuii the saicl lands for thui jmrpose : provided Blwayi, tbM 
reasonable laliafiiction be mncie to the owner or occupier of 
3[t>'!i land for the damage to be done thereby: and if the 
luiii ogrner or occupier shall not be satiifi.'d vilh the allow- 
ance offered by the said trustees, he shall be at liberty to 
apply to the quarter sessions, who almll have power linally 
to settle the same. 

52 — And be it furiher enacted, thnt the laid truateei, or 
ajiy three or more of theiu, or such person or persoul u 
they shall appoint, may dig, gather, take, and carry nnay 
gravel, furze, heath, sloncs, or such like taaterials, oat of 
the several grounds of any person nhere materials may be 
found, not being dug or raised for the private lue of the 
proprietor of such ground), for making, repairing, and 
■mending the said roads, or for building arches and bridges 
H aforesaid, and to open accesses for carrying off (he said 
materials, such accesses, and the places from which the said 
materials shall be proposed to be taken, being Gnt marked 
out by aoy three or more of the said trustees, if so required 
by the said proprietor of such grounds, or his or her factor, 
or by tlie occupier thereof, they the said trustees making 
reasonable satisfaction out of the money arising by virtue 
of this net, to the owners or occupiers of the [grounds 
respectively from nhich such materials shall be taken, or 
over vhich the same may be carried, for the damages to be 
done thereby; hut if such proprietor, factor, or occupier 
■hall not be satisfied with the compensation offered by the 
■aid trustees, the same shall be ascertained by a jury to be 
impannelled by the slicriS' depute, or hli substitute, in the 
tune manner aa hcrein-before directed for deteAnininB the 
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value of the hoBMs or fences found neeessary to U 
down, or ^aund to be uken for alttririi; or widei 
laid roads, or for valuation of old roads; nhii 
shall, in like manner, be final; but sui^h applicatl 
not prevent the laid trustee* from causing aaid m&U 
be carried off and used in the mean lime ; ai 
■aid jurj shall find that the corapensadon wl 
offered bjthe sgid trustees to the person or| 
ingto theshcriff, irns adequate to the damages tl 
hnve sustained, then, and in that case, such pn 
persons shnll be liable in payment to the tiusteea 
■Dm, in lieu of costs, as tlic ssid Jury ihall judge k 
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